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A quarterly fiaficr devoted to the sugar interests of Hawaii and issued h the 
Experiment Station for circulation among the Plantations of the Hawaiian Sugar 
Planters' Association. 


In This Issue: 

Ciuiiiiniiiij la.mm' of .S'ii(/ar Cane: 

( iiinniiiiiff disease is eonsidered one of tlie oldest maladies alTc'ctinjf su^far cane. 
'I'hrtnif'h tlu* importation of diseased cultinjjs tlie malady lias .sjircad from one cane 
eoniitry to anotlier, often resitlliiiff in serious lo.sses. It now «)ccurs in nine differ- 
cnt siifjar cane countries. 

In this i.ssue the following points rejfardin}^ the disca.se arc presented: the 
{jeofjraphic dislrilmtion and history, the dc.scripti<)n of the di.sciuse and of the 
.syin])toin.s used in diaffiiosis, the tissues alTectcd, dc.scription of the causal orjifanisni 
and its transmission, and methods used in controlling the cli.seasc. 

'I'o date the most effective control lias hceu secured through the siihslilution of 
resi.stant varieties. In areas affected with gumming disca.se new cane varieties 
should he testetl as soon as possible in order to establish their resistance to guni- 
niing di.scase. 

iiye .S/>ol and itnnoii .Strife: 

The results of several years’ observations on eye spot resi.slaiice on a large num- 
ber of cane varieties are presented in tabular form. Tho.se canes of agricultural 
promise which apiiear in (Irouits 1 or 11 should Ite iireferrcd for trials or .sprca<liug 
in eye sjiot arcfis to the canes appearing in ( Iroups III or IV. No mention is made 
in this ]>a])cr of the agricultural «|ualitics of the canes in question. 

'riuise varieties listetl which are preceded by an asterisk, have, at one or more 
times, been found sasceptible to mosaic di.scase. 

'I'he number of observations made on each variety is noted. Conditions in the 
fields or plots, where the growing canes have been olwerved, have been made favor- 
able by fertilization for the production of eye .spot epidemics. Tn all ca.ses H 109 
cane has hem used as the standard for comiKinitivc puqioses. 

In Part II of this paper are recordwl oh.servalions on a limited niimlier of cane 
varieties in reference to their relative resistance and siusceptihility to hrown striiic 
disease. 



Il \^ill be ()l)sc‘rvc(l that, in many eases, those varieties wliicli have shown marked 
resistance to eye s])ot disease have a very marked siisceptibilit} to brown strijH.* dis- 
ease. Due to the relatively recent detcriniiiation of the latter disease, a lesser mtm- 
ber of observations have been made on a smaller number of cane varieties, h'urtber 
observations will be made and more data i>resenled on this ])r()bleni at a later dale. 


Notes on Pyihium Root Rot: 

It has been shown in recent papeis that nitro^enenus soil amendments f»reatly 
increase Pytliiuin rot of I^jihaina cane roots. n"he continued vigorous root growth 
of 1 1 100 cane in parallel ex])enments has been rei)orted as of i)ractical sij;iiificance. 
In this issue further observations on certain soil factors which inlluence the ac- 
tivit\ of ihc J^yllnitni fungus and determine the dej^ree of rot are recounted. 

Iixi)eriments showed that the roots of 1 1 10^-^ break down under Pylhinin attack 
if the .soil is heavily amended with stable niaiuin'. With amendments of 5() t(» 75 
per cent by volume of stable manure the elTcct on II 100 roots is com]>arable 
with the effect of 5 to 10 per cent amendments on I^ihaina roots. 'I'he hij^h con- 
centration of nitrof»eneous material retiuired to induce susce\)tibility of II 10*^ roots 
is not likely to occur in the field, or to be of lonj* fluration if accidentally reached 
in restricted areas, ft was noticed that after a time, ap]iarcntly when the concenlra- 
tinn had become reduced, sound root growth was resumed. Kurther studies are re- 
quired to determine the relation of lack of balance of nutrients to root nit. 

The effect of molashcake in iucreasinj* f^ythiiiin rt)l has been menlijiiUMl. It was 
found in the jwesenl stinlies that molasses and ])ress cake, the chief nutrient ma- 
teidals in molashcake, stimulated j»rowth and were active in ]>rodncinj; conditions 
favoralile for root rot of Lahaina. Ibij^asse had the o]»i»osite effect, ^»io\\th was 
detiressed and no root rot occurred. I'his observation su^j^ests a possibly useful 
role for haf»asse as a soil amendment in suitable eonihinalions with molasses to re- 
tard reactions, extend heneficial effects aiul check liannfnl tendencies. 

Jixperiments are cited to show that nit ro|j;en eons materials do not in themselves 
cause root collajise. It is inferred that they act indirectly by stinuilalini* root 
js^rowth to the tioint where it becomes suscc])lih]e to Pyihntm attack. 

Some of the modifications of a healthy soil necessary to hrin^ on root rot hav- 
ing been determined, an experiment to demonstrate the revense effect was con- 
ducted. Soil from (Jlaa which is notoriously “sick” for I^ahaina cane, was diluted 
progressively with “healthy’' Makiki wsoil, and the effect on Lahaina roots observed. 
Im])rovement in root condition was marked when the sick soil constituted one-half 
or less of the mixltire. Rotting of the roots was negligihle where the sick soil was 
hut 20 ])er cent of the mixture. 

In view of the present and earlier cxj>eriments it seems obvious dial P\thinm 
root rot varies in severity with the concentration of slinnilative nutrients in the 
soil. 
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iron Siilp/ialc .S/^ray for Coral Chlorosis: 

hi a lest coiHliiclecl coopemlivoly with I^wa I Plantation Company, usint* a 5 per 
cent solution of iron sul])hatc vSjiray on short ratoons, a f*ain of nearly 35 per cent 
was ohtainetl in favor of the s])ray. "Phis gain represented 15 8K tons of cane and 
l.S tons of sugar. 

Iron sulphate sjiray can he applied to correct coral chlorosis on a field scale at 
a very low cost. 


il Study of Sitijar Cauc Roots' 

\ study is made of the develo])ment of mots of the sugar cane plant from the 
root ])rimordia, which occur as “root dots” on the “root hands” of the stems. A. 
nuinher of varieties are coin]Kire<l as to the numher and per cent of root ])rimordia 
developing into seed-piece roots and as to the numher of shoot roots developing at 
intervals of 5, 10, IS, 25 and 50 days after the seed ])iece is ]daiited. Hie numher 
of roots primordia and, therefore, the jiossihle nuinher of seed ])iecc roots per node 
varies greath for the varieties studied. 

At the end of a 5-<lay jicriod, for example, on ten 11 109 seed pieces, 139 root 
primordia, or 3.0 |K*r cent of the total jxissihle, had developed into seed-piece roots, 
while on the same nuinher of \'ellow C aledonia seed pieces, 2,871 root primordia, 
or (vJ.t) ])er cent, ha<l develojicd into seed-i)iece roots. The percentage of root 
]iriniorclia developing into seed-piece roots on seed iiieces 50 days after iilaiitiiig is 
very little higher, if ain, than for seed ])ieces from 5 to 25 days after planting. 
\ certain nuinher of root priniordiu are liehl in reserve and develop only m case 
of need. 'Phe total per cent of root prinionlia develoiiing into seed-])iece roots was 
less for see<l pieces left in the groiincl undislnrhed for 50 days than for seed ])ieces 
reniov(*<I from the soil, the develojiiiig roots cut off, and the seed pieces rejdanted 
at intervals ol 5, 10, 15 and 25 <lays for the same period. 

No correlation exists hetween the miniher of root primordia of dilTerent 
varieties and the develo]iinenl of the shoots from the huds, which does not pri.x:lude 
a correlation hetween development of shoots (stand of cane) and the numher of 
root primordia for a given variety. 

Shoot roots <leveloped from the root jiriniordia of the hud and pushed out from 
Iietween the hud scales as early as 5 days after the seed picve.s were planted. 

loir llie varieties studied the numher iit shoot roots devcloinng on shoots from 
seed pieces undisturbed for 50 days c.vaudcd the average of the numher develoiiing 
on shoots from seed ])ieces disturhed at intervals of 5, 10, 15 and 25 days. This is 
ill contnist with the data for the seed-jiiece roots, for, without cxcetition for the 
same varieties, the jiercent.'ige of seed-piece roots develoi)iug on seed piece.s un- 
<listurhed for 50 days 7sHts less than the avenige of those developing on seed jiieces 
dislurheil at intervals of 5, 10, 15 and 25 days. 

These facts may help interpret the significance of various types of root injuiy 
and may have a jiraclical application to the practice of olT-harring and suh-soiliiig. 
The '"pntniiu/* of the seed-piece roots stimulated into development root primordia 
of the seed pieces zohieh under normal condiiions zoould have bctn held in reserve. 
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The '^pniuiny' of the shoot roots resullcil in fewr roots bcimj developed from 
the shoots. 


if classes as a Fertilizer: 

During the recent low price of molasbcs considerable interest was manifested in 
its value as fertilizer. It had l)ecii fonncrly l)elieved that molasses was injurious 
toward cane growth. During this period of low ])rice some few plantations made 
field ai)pHcati()ns of molasses which gave notable improvement in cane growth. In 
this pa])er some elTecls of molasses fertilization have been studied which lead us 
to believe that molasses will react, much like a fallow toward an infertile soil. Soil 
conditions in field showing both injury and benefit have been studied. Injury 
occurs in poorly drained soils or soils high in “active** aluminum. Henelit is ob- 
tained from better soil aeration and a rcjuvenali<m of the biological soil llora. 


Pahala Blight: 

An article api^aring in this numlicr presents data upon the Pahala blight, 
namely, the ash, iron and manganese content of leaves as related to chlorosis and 
as affected by sulphur fertilization. 


Oriental Rice Borers and Their Parasites: 

This paper is a short report on the work done in the Orient: Japan, b'onnosa, 
and Giina, in the year 1928, in searching for parasites of the rice borer. ICigbi<*t‘n 
cUITerent s])ecies of parasites or predators were found more or less elTectively con- 
trolling the rice borer in the Orient. About ten species of the.se panisites wen' 
successfully sent or l)rought to Honolulu, and arrived alive. 'They were either 
turned loose to shift for themselves in the rice fields, or were raised through several 
generations in the laboratory and then released. 

Three species of these parasites have been recovered in the field, and their estab- 
lishment thus verified. They are: the egg-para.site Trichogramma japoniciim 
Ashm., and two larval parasites, Amyosouia chilonis Vier., and Diodes chilonis 
Cushm. It is possible that some of the other species of parasites liave become estab- 
lished, but are still too scarce to be recovered. 

All of this work on borer parasites is of interest to sugar planters for the rejuson 
that some of the rice borers of the Orient attack sugar cane as well as rice, tlioiigli 
the one now occurring in Hawaii does not attack cane. 


Cano Breeding in Formosa: 

Formosa, like Hawaii, is near the climatic limit for cane growing, and csj^ecially 
for cane breeding. The fertility of the tassels of a given variety is much lower 
in the cooler regions than in more tropical countries, and many variclics do not 
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tassel at all. Iu)rmnsa is forUinate, however, in beinj* able lo carry on nuicli of 
its hrct'dhiji' work al a Jai)anese-owne(l j)lanlalion in Java, Ihe las.sels ])eing hhi]>|K*(l 
when ri])e lo H'ormosa for |)laiUin,i». 

The possihililies in cane hreediiif* are fully apin’ccialed in h\)rmosa. About 
300,0(X) seedling’s have been ;;»erminaled since Ihc work was started in 1914 and al 
present about 50,(X)0 seedlings are bein,i> j;>rown each year. Special attention is 
bein.t* eiven lo scedlim»s of I\(). J. 23(\4, l\(). J. 2725, and other parents which 
have been used with success in lava. 


In the earlN ])erind of the Inninosan iudustr\ caties of the Vha type were almost 
exclusively thrown. With the advent of Japanese capital, modern mills and im- 
proved cultural methods, Slriiied Me\ican ini])orled from Hawaii became the jinn- 
ci]ial \ariet\. It was, in turn, re])laced by 1^C). J. see<llinj»s of C'hunnee blood, 
es])ecially !*.(). ). M), 1*. ().J.1()5 and I*. (), J. l(d. Duriiij;* the last three years 
these have ra])idly ji>iven way to the newer P. (). J. scedlinf»s of Kassoer derivation, 
especially P. (>. J.2725 and I*. ( ). J, 2714, which ikwv occupy most of the 2W,00() 
acres in cane. 

C'onsiderahle interest is bein^ taken in P. C). J. 2878, but wliether it will be able 
to oulyicld the iireseut varieties is still <|iiestionable. 


In this issue a ])aper is presenled which caries a <lelailed discussion of the technic 
followed in the nveiitly dev(‘lo])ed asphaltic sealing of earth reservtiirs. 

Descriptions and photo^raplis of the ( alifoniia system of oil treatment of reser- 
voirs are included. 

Li])])iucotl ami vSlandard Oil C'oinpauy specilicalion.s are j^iveii for the imi)re<»- 
nalion and hardeniiiji^ of an as])hallic soil treatment and also for preparing and 
applying a mastic ditch lining. 


The ParshaU 
Measuring Flume 


The Improved Venturi * Flume is hereafter lo be known OvS 
Ibe Parsliall Mea.suring Flume, accordinjif lo J. C\ Stevens, 
secretary of the Siiecial Oomiuillee on Irrigation Hydraulics, 


who writes as follows: 

This conitnillee has fell for some time that the name, “Improved 
Venturi Flume,’* as developed by K. L. Parsliall, Associate Member, Am- 
erican Society of Civil ICngiueers, for measuring irrigation water in the 
West, is a misnomer. We also felt that the name could well be changed 
lo in some way give Mr, Parsliall credit for this development. We took 
this mailer iij) with the J{xeculive Committee of the Irrigation Division, 
and also with S. II. McCrory, Mcinl)cr, American Society of Civil Jin- 
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gineers ; Professor W. W. Md-aughlin, yXssociatc Chief, Division of Agri- 
cultural Engineering, U. S. Department of Agriculture; and C'. A. 1-ory, 
President, Colorado Agricultural College, who recognized the desirability 
of a change of name. Accordingly, at its last meeting this committee 
unanimously aclo])ted a resolution ]3ro])05ing to change the name from 
“Improved Venturi Flume’* to “Parshall Measuring Flume.” 


Formosan Views 



A Pormosan farmstead 




/ 



FonucBdu field laborers. 





PornioBa: A linivest 8(.*(*uo, P. O. J. 1(>1, f(»n)ii'vly tlic k'luUng viirioty. 



A farmliouae, Ponnosa. 
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Cane Varieties in Formosa 


By a. J. M\n(;fxsdop.f 

It should he nicntionecl ul the oulsel that there is very liitle ratooning in 
Fonno.sa. The greater part of the crop is plant cane. One reason for this is that 
the cost of field ojicrations, such as plowing and planting is low, due to the rela- 
tively low cost of labor. Plant yields have l)ecn found to exceed ratoon yields hy 
a sufiicicMil margin to nicjre llian oflfsel the cost of ])lanting operations. 

U is likely that the pronounced dry season in the southeni two-thirds of the 
island inlays an imixnianl part in the rather marked decline in the. yieltl of ratoons 
as comi)ared with plant. After a field is harvested, it may lie for two or three 
months, baking in the siin until the rains begin and the roots receive enough mois- 
ture to start olT the ratoons. 

In the northern part of the island there is an ahundanl supply of irrigation 
water, and whereas in the south only the rice is irrigated, in the north there is 
enough water for both cane and rice. Here, P.OJ. 2714 is the principal cane, 
and one rato<jn crop is the rule. 



P. 0. J. 272ff In Pomoaa. Tliifi ia tlio loading variety 
at proBcnt. It is (trougbt reBiatant and lias good jnices. 

TP.OJ. 2725 continues as the leading variety in Formosa. It now occupies 
about half of the total area. It is preferred especially in the south, under imirri- 
gated conditions, where, as lias been mentioned, the winters are very dry. Much 
of the cane which we saw had had almost no moisture for three months or more. 
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nor was it likely to receive any until around June, (luriiii; wliicli nionlh the sum- 
mer rains usually start. Its ability to withstand clrouj»ht ini.t>hl make this cane a 
useful one for the Kohala district. It tassels very heavily, as in Hawaii, hut prol)- 
ably localise of the dry, cool winters it iinderp>oes very little deterioration before 
April, l)y which time harvesting* is practically finished. I\( ).j. 27 2S has been found 
ill Formosa to he extremely resistant to mosaic. 

r.O.J. 2714, as has lieen mentioned, is the leadinj* variety in the north, where 
the climate is cooler and the moisture more aliuiidant. It now occiijMes alxml onc- 
foiirth of the total canc area of Formosa. The fact that the only extensive ratoon- 
insr practiced in Formosa is wilh this variety woiil<l seem to indicate that it must 
be a fairly satisfactory ratooner, a point of considerable interest to us. 

FO.j. 2727 has increased slowly duriin* the past two or three \ears and 
now occii])ies about 7 per cent of the total canc area. It does not tassel as lieavil\ 
as P.O.J. 2725. However, Mr. li^hi, agriculturist for the lan»e Taiwan Sut*ar CVun- 
pany, is of the opinion that neither I\( ).j. 271-1 nor 2727 hold over as wtII 2725. 

P.O.J. 161, 105 and 30, at one lime the three most imiHntant varieties in 
Fomio'-a, continue to decline in acreage, and will soon be entirely replace<l In the 
newer P.O.J.’s. The three lof»etber still occujn about 15 per cent of the* total 
ciuie area. 

The fact that P.O.J. 36 i.s hciiif* replaced in luinnosa me<l not nccci'^arilx dis- 
c<)iira{];e its s])readinj^ in Hawaii. C onditions in the two countries <lilTer in a i»real 
many ro.spccls. Formosa has no weed j)n)bb‘ni, it does little ralxmiia*, its winter,-, 
arc dry while its summers arc wet, and, finally, it floes not '^row cane .it 
elevations. Wilh the rather marked dilTerenei's in e«nidilions it would iiol lu* 
liarticularly surjirishiji; to s(*e a canc whicli had been reidaeed in the one eouiilry 
succeedin{( in the other. 

Of the Fonnosan sc‘ed1iii{»s only I'. 4 and 10 have been planleil on a larj;e 
scale. l»olh reached a peak last year, when h\ *1 occupied 7{XX1 acres, and l\ 10 
about 17,000 acres. 'Their acrejij^e this year has declined somewhat. Fvifleiilly 
tliey are bcin|> replaced by I’.C).J. 2725. 

Hadila is jjrown throughout the island as a cliewiiij* cane. Its total area 
is listed at over a thousand acres. Chewing cane is sold in every village by 
street venders and in the markets it is pre])arcd for sale by carefully trimming 
away the eyes and washing and polishing the stalks, after which it is cut uj) into 
lengths of about eighteen inches each. Some is .ship])e(l to pcjrts In (‘Iiina. We 
saw in Amoy Hadila which liad evidently come from h'ormosa. 

We saw a number of P.O.J. 2S7K nurseries during our stav iu h'ormosa. 
'rhis caiie is l)eing spread rapidly, although figures as to its yielding ability, in 
comparison wilh the present varieties, are not availalile. I'here is some diiTirence 
of opinion as to whether it will replace r*.().j. 2725. 'fhe majority of those who 
were willing to venture an opinion seem to feel that it gives promise of outyield- 
ing the varieties now l)emg grown. It is said to carry over well and to make a 
very rapid growth during the hot, moist summer months. 

It is evident that Formosa is preparing to give P.O.J. 2878 a thorough trial. 
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Cane Breeding in Formosa 


\W A. J. M \N(d:Lsi)i)RF 

'I'lic (‘xpcrinuMiUiI work in coiincclioii with the Korniosan siij»ar indiuslry is car- 
ried (Jii mainly al tlu* Shinka Station. "I'liis station is located at .Shinka near Tai- 
wan, in the south-central imrl of the island. 

1'he Shinka Station is a branch of the ( entral Research Institute, a govern- 
ment orjL*ani/ation, tin* a|*ricu!tural division of which performs much the same 
futiclions as onr U. .S. Department of Aj>riculture. 

There are forty-ei<*ht fachn'ies on the island. Many of these employ their own 
ajL»riculturisls who also carry on eNi)erimental work in connection with varieties, 
fertilizers and cultural practices. 

'rhe .Shinka Station has al its disposjil 375 acres of land. A three-year rotation 
is followed. Kiich year about UK) acres are planted to cane, with the remainder 
in rice, sweet ])o!atoes and lef«iiminous cro])s, especially Scsbania and Mitcitiia 
(jhntca, 'I'he lef»uniinous croi)s are f^rowni for tuniinf> under as i^reen manure. 
'I'his is a j^eneral practice and is believed to be more economical than a sy.stem of 
continuous cioppiiiji*, which would necessitede larf^er tnirchases of commercial fer- 
lili/.ers from abroad. 



Newly potted Beedlliifts al the Hugar Kxi)eriinoiit Htn- 
tlan, Hhiiika, Fonnosa. BVom 30,000 to 70,000 tire 
grown eaeli year. Tliey are flul»jeelc‘d to tliree or four 
yeiu'R (if ti'niiiig by llie Htutioii. Tlie poorer oiiefl arc 
ellmhintcKl lunl only the )>eht arc given to llie iiltuitiitioiiH 
for niial triniH. 
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The aiiie 1)iceclm^> at Sliinka Station is ciinied on uihUm* the suiktvisioii of 
I3r. Kancko, the director. Associated with liini in tins w^oik arc Dr Sakamoto and 
his assistant, Dr JTisatomi. 

The first crosses were made in THd, since which lime a total of almost 3(K),()(X) 
secdlinf^s have teen j!>ro\vn. nuriin* the past few yeais the numlier has riin^ed 
from 30,000 to 70,000 }eaily. 


NuRSI PkO( !M)irRl 

The methods followed in j»erminatinf» the seedliia>s are nutch Ihe same as those 
practiced in Hawaii The Shinka Station, however, lacks tht‘ L»reenh{nises and 
heated tables which have been so helpful in Hawaii in reducint* nioitaht) in ihe 
early staf’Cs. 

The fuz 7 IS sown in Hats, which aie iikiced (m unhealed tables coxered with 
i»lass hot-hed sash. When they reach a height of several niches they aie trans- 
planted to rather lar|;c earthenware pots, each alioiil S inches in diameter. 



CiosHufl l>eiu|{ nuule in Java for the E^triuotia Hlalioii. 
Baeli year a lueinluT of the Foiinofui Htalion Hlafl goes 
to Gcdnrcn in Java, a jilautntioa owned h^v a JapaiieH' 
Bviidieiite, to make erossea. The fuza is Hliii)])od to For- 
mosa wlioa ripe and is planted at the Hhinka Htnthm. 


The growtli of Uac seedlings in tlie nursery appears to he quite slow as com- 
pared with what we are accustomed to expect in Hawaii. This may he due to their 
rather cool winter season, or it may be that the potting soil used in the nursery is 
not entirely suitable. 




< HnSSIN(i l*I<()(.K\M 

The* diinaU* in h'nrninsa is lalluT iinfavnralik* for crossiiK*. Many varieties 
fail to tassel, an<l many wlneh iiroduce fertile pollcMi elscwliere arc unfertile in 
Konnosa. 

'I'o escape this liandieap the station hci*an in W2.2 to make crosses at Gedarcn, a 
Ja])anese-o\vned plantation m Java, where conditions are very favorable for cross- 
iiif* work. 

h'ach year a member of the Shinka slalT i>oes to Java to supeivise the crossinj* 
at (Jedaren. Dr. Sakainolo was in Java for this ])nrpose during W2^). 

When ri])e, the crossed tassels are sent to h'ormosa for germination, fn view 
of the presence in Java of a mimher of serious diseases this ])olicy might seem to 
lie rather a hazardous <ine. (Ireat care is exercised, however, in the fumigtaling 
and <lisin feeling of the imported tassels and the Station stalT feel that very little 
ha/aid is involved. Dr, Miyake, the pathologist, told us that in the seven yeJirs 
during which fu// lias been imported from Java he has not found a single instance 
of disease being introduced with the fuzz. 

C‘rossin(, Mi/m 101) 

"I'he sulphurous acul method is not used in h'ormosa. 1'he crosses are made in 
the held. 'The female tassel is bagged with a large cloth hag alxiut 20 inches in 
diameter and lO inches king, '“rhe hag is snpjiorted by a l)ainl)oo tK)le. The male 
tassel is cut, placed in a hainlK»o vase containing water and Lied in position within 
the hag in contact with the female, 'riie fact that the male tassel is in water rather 
than in siilphiirotis acid solution necessitates retilacing it with a fresh one each day 
during th<* blooming perio<l of the female, 'riiis naturally re<|nires considerable 
lalK)r, ])Ut labor is ahniMlaiit and cheap, which means that practices which are jiro- 
hihitive in Hawaii may Ik* entirely practieahle here. 

Si'i.rc noN OK Sm.olinc.s 

The selection j)rocedure is .similar to that practiced in Hawaii. The .seedlings 
are tilanted in the field when they have reached a height of a foot or so, P'ach 
plant is given about two and one-half feel of space in the row. with about four 
feet hetwccMi rows. 

"I'he first .selection is made when the seedlings are a little less than a year old. 
About 10 jHT cent of them, on tlie average, arc retained for a .second trial. Ten 
seed pieces are cut from (*acU of the selcK'teil .seedlings. 'Hie seed is so spaced in 
])huiling that each seedling comes to occupy about fourteen feel of row in the 
second field trial. livery third row is a check row of P. C). J. 2725, the standard 
variety at Shinka. 

1'‘hc .seedlings surviving the second sclcclioii are planted in blocks, each cf)nsist- 
ing of three 14-foi)l rows. I Jerc again every thinl block is a check of P. O. J, 2725. 

Suhseejuent selection is based on the harvesting results from checkerboard ex- 
periments. liach plot in these checkerboard tests contains aliout one-twentieth 
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acre. I'hc tests arc ])lante(l at the varitius factories as well as at the Shiiika Sta- 
tion. Wherever ])ossil)le ten re] )li cations of each seedling is the standard practice 
ill these te^ts. 

In Jiddilion to the seedlings grown by the Station, one of the factories, the Ako 
Sugar Mill at Heito is also growing about 1(),00() seedlings a year. 

All of the factories visited are keenly interested in te.sting the seedlings pro- 
duced by the station. This interest extends even to the Chinese farmers, hy whom 
most of the cane is grown under contract with the nearest mill. 

The widespread interest in seedlings may lie attrilnited to the success of certain 
of the seedlings which have liecn distrihutecl during recent years, at first 1\ O. J. 
lOS, 161 and 36, and more recently \\ (). J. 2725 and 2714, all of which have had 
a iiart in the retnarkalile increase in yield of sugar per acre in H'orino.sa. 

I^ARKNT ^MaTC.RIAL UsKl) IN HRKKDlNt; 

The history of the crossing work in h'^onnosa falls into two distinct divisiems. 
During the first period, which includes the years From 191-4, when tiae work was 
liegun, to 1923, I’. C). J. seedlings with Chiinncc blood were the leading varieties 
in Formosa and it was only natural that they .should l)e the ones most extensively 
used in crosses. 

The most important i\i these early W (). J/s of Cluumee derivation were 
V. O. j. 105, which was used both as a male and as a female in crosses, W O. J. 
1*43, 161, 920 and 1507, whicli were used as females, and W ( ). J. ISl which was 
used very extensively as a male. These canes were crossed among each other and 
thus many of the conibiniitions tried were brother-sister or lialM)roth(*r-lialf sister 
crosses. This fact may possildy account for the relatively small munkT of good 
seedlings obtained from combinulions of this type. The seedlings also tended lo 
have i>oor juices. 

It is of interest to note that atlempls were also made to use W (). J. 36 in cross- 
ing. As ill Hawaii and in other countries us well, it jirovecl to he coni])letely sterile. 

The second pcricKl in the crossing work began when l*'urniosfi followe<l the 
lead of Java in the use of Kassoer blood. P. O. J, 23(A and 2725 are most exten- 
sively used. 'Hiey have been crossed especially with P. ( ). J.’s and luirmosan seed- 
lings containing Chunnee blood, theoretically a promising line of attack. 

Attention during the present cro.ssing season is again lieing centered on cro.sses 
with canes of Kassoer derivation. There is also some interest in Ulia crosses. 
E, K. 28, S. W. Ill and S. W. 499 are favored as males. 

Many sister-brother crosses lictwecn P. (). J. 2725 and 2878 and also many 
molher-soii crosses between P. ( ). J. 23f)4 and 2878 are also being tried this season. 
It remains to be seen whether seedlings resulting from such close matings as these 
will have the desired vigor. 

Results of Breeding Work 


Those seedlings which give promise of liecoming commercial canes arc given 
permanent F numbers. The F series includes at present 76 seedlings. Only two 
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of llics(‘ Inm |)lan((‘j| on a lari;r sral^\ \* *1 is holding ils own with alHMil 
7,(KK) acres, whil(‘ h' lias declined from its peak of 17,(XX) acres lo around ^i,{X)0 
acres. 'I'lie acreat;(» which it lias lost has lieen taken uj) for tlu‘ uiosl part liy 
| \ ( ). J. J7i5. ( )f llu‘ nener I*' seedlinji*,s *1*^ 5S and arc* th(mj»ht t<i lie proniis- 
int». The last mentioned seedlini^, liowever, apjiears to he (|itile susccptililc lo 
mosaic. 

In conclusion, it ma\ he said that the I)ret*diiu‘ work if continued on ils iiresent 
scale liitls fair to kec’p the h'ormosan iiulustry suiijdied with new seedlings which 
shonhl he able to maintain, if n(»t to e.xceed, the present yields. Selection is not .so 
dilVienlt as in I luwait. 'I'here is very little ratooning in Formosa, by far the greater 
part of the acr(‘ag(‘ is plant cane. 'Idiis U probably dne largely lo the fact that with 
cliea]) labor the cost of preparing and planting is low, and ])lant jaelds exceed 
rato<»ns by a sullicient margin to pay for the additiomil cost. 'The absence of 
ratooning natnrally simplifu's the '^election work, since it is not necessary lo wait 
for se\a*ral y(*ars to determiiie whether a i»romisiiig seedling will ratoon. Inirihcr- 
more, since almost llu* entiri* area is rejilaiittvl each year it can be t|uickly cliangcd 
over to a new variety sluadd a superior one he found. The variety census shows 
that as compared with Hawaii, for e\am])le, the acrejiges of the dilTerent varieties 
have changed with great rapidity. The further fad that condili*ms are fairly uni- 
form in most of the cane growing area also simplifies the selection problem. 
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PaJiala Blight 
II 


By W T. ^IlGeoroe 

It was experimentally shown by investigations conducted in 1924 and 1925 
that sulphur, as a soil amendment, l)rought about a rapid recovery of cane afflicted 
with chlorosis at Haw^aiian Agricultural Company In about 2,CXX) acres on this 
plantation cane yields had for many }ears been greatly reduced by a form of 
chlorosis, which had come to be knowm as Pabala blight. The corrective value of 
sulphur has now' been thoroughly established. 

The research w'ork connected with this problem w’as published in the 1926 
Planter'^' Record (1) and preceding quantitative field experiments The evidence 
at that time strongly indicated that some factor, probably the high ash content 
of the plant, W’as interfering with the proper functioning of the iron. Iron deter- 
minations, ])y the gravimetric method, which admittedly are not w^ell adapted for 
determining such small amounts of iron as are present in plants unless a vtry 
large sample is used for analysis, indicated no relation to the chlorosis. On the 
other hand, injecting iron into the grownng stalk of chlorotic cane, and even in- 
jecting dilute sulphuric acid to increase the moliiliri' of the iron already present 
in the plant, completely eliminated the chlorosis and changed the leaves to a rich 
green color. Therefore, while w'e recognized that there are a niunber of plnsiologi- 
cal disturliances outwardly manifested by chlorosis, iron appeared to be the prin- 
cipal involved factor in the Pahala type. 

Lee and McHargue (2) obtained eAddence which led them to conclude that 
Pahala blight was caused by a deficiency of manganese. In view of this, and in 
view' of the fact that we did not use extremely accurate methods in making our 
iron determinations and made no manganese determinations whatever, w'e decided 
to make analyses of ^'ane leaves from our sulphur experiment at Pahala while 
such plants were available. This should give infomiation regarding the effect of 
sulphur upon the composition of the cane plant. For comparative analyses we 
obtained other leaf samples from Pahala and some from other island districts. In 
making the analyses w'e used some very accurate colorometric methods developed 
by Haiisson of this laboratory, and we believe the results are absolutely accurate. 
The following is a description of the samples: All samples represent the five 
youngest leaves upon the stalk, discarding the rolled or zero leaf. Each sample 
represents a composite of five leaves from five cane stalks. 

The first three samples are from our sulphur experiment at Paliala in which a 
blight-susceptible variety, Yellow Bamboo, was grown. 

1. Chlorotic leaves, crop cane, not a part of the experiment. 

2. Clilorotic leaves, from check plot, received no sulphur. 

3. Normally green leaves, no chlorosis, from sulphur plot. 
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I'he next thiee sampler were taken from Field 21-B at Ewa Plantation. Thib 
ib a coral field where cane is alwayb severeh chlorotic. An expenment was in- 
stalled 111 the field, on the basis of Florida experiments where manganese sulphate 
gave excellent results as a corrective agent for chlorosis on high lime soils. All 
three samples were taken from a manganese-sulphate plot (150 ixiunds per acre). 
No response was obtained from the application of this material and cane in all 
stages of chlorosis w^as present in this plot. 

4. Slightly chlorotic leaves, H 109. 

5. Green leaves, H 109. 

6. Severely chlorotic leaves, H 109. 

In Lee’s investigations he found evidence of manganese deficiency at Kilauea 
ivhere cane wall sometimes shoiv a slight chlorosis. In view of this, and on the 
liasis of some other observations at Kilauea, a rather extensive experiment was 
installed to determine the effect of manganese salts on cane. The tw'o following 
samples were taken from this experiment. The cane is Yellow Tip variety and no 
chlorosis developed in the experiment. 

7. Leaves from plot X, check plot, no manganese, no chlorosis. 

8. Leaves from plot C, this plot received ^ i ton per acre manganese sulphate, 
no chlorosis. 


The next tw'o samples are nonnally green Yellow ("aledonia leaves, taken fiom 
the Experiment Station plots at Kailua, ( )ahu. 

9. Normal Yellow^ Caledonia leaves, Kailua, Oahu. 

10. Normal Yellow Caledonia leaves, Kailua, Oahu. 

All the rest of the samples were taken at Pahala. The two from the j\[udilow 
field represent normal Yellow Caledonia canc from a field that never develops 
chlorosis. The sample from Lower Stone field and the one from Low’er Keaiw'a 
field, non-chlorotic D 1135 cane, represent fields which produce chlorotic Yellow* 
Caledonia. 

1 1 . Nomial Yellow Caledonia leaves, Mudflow^ field. 

12. Normal Yellow Caledonia leaves. Mudflow field. 

13. Normal D 1135 leaves. Lower Stone field. 

14. Normal D 1135 leaves. Lower Keaiwa field. 


The following six samples were taken from a chlorotic area in Low^er Whitney 
field for comparing chlorotic and non-chlorotic leaves from the same stool and 
from different stools : 


15. 

16. 

17. 

18, 

19. 

20 . 


Chlorotic leaves, Yellow Caledonia j 
Green leaves, Yellow Caledonia \ 
Chlorotic leaves. Yellow Caledonia j 
Green leaves, Yellow Caledonia \ 
Chlorotic leaves. Yellow Caledonia ) 
Green leaves, Yellow Caledonia \ 


from different stools, 
growing in the same stool, 
growing in the same stool. 
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The relative solubilih' of iron and manganese in Paliala soils was determined, 
using one per cent citric acid as a solvent. The results are given in Table II, but 
do not show any relation to the presence or absence of blight. 

The analyses of the leaves are given in the following table and are shown 
graphically in Figs. 1 and 2: 


TABLIi! T 


)Saiiiple 

Condition 

Aall 

Silica 

Calcium Manganese Iron 

iSilita 

Calcium Manganese Iron 

Xu. 

uf lea M'S 


SiOa C.i MiiO 

Pei Cent Biv M'ltter 

Pc 

WiOo 

Ca 
Pei ( 

MnO 
'ent Ash 

Po 

1 

Ohloiotii* 

7.:i.i 

2.69 

.142 

.0008 

.020 

36.7 

3.93 

.011 

.273 

0 

C'hloiotii* 

S.1.7 

n.5i 

.122 

.0009 

,022 

43.1 

1.50 

.013 

.270 

n 

Crreen 

tS.il 

4.04 

.177 

.OOP) 

.0.13 

47.5 

2.()S 

,012 

.;j8S 

4 

Chloiotu* 

11.71 

5.02 

.218 

.0137 

.n.!2 

42.9 

1.S6 

.137 

.273 

5 

(Tieon 

0.17 

5.08 

.192 

.0132 

.171 

52.5 

2.03 

.139 

1.800 

(i 

(Miloi\titr 

12 . 0 s 

rj.:’.4 

.265 

.0160 

.021 

50.0 

2.09 

.1.51 

.165 

7 

<Tieen 

0.71 

l.OS 

.014 

.0070 

.010 

16.1 

9.35 

.104 

,149 

S 

Gieen 


0.71 

.600 

.0070 

.(112 

12.9 

10.90 

.127 

.218 

y 


7.15 

;i.4S 

.244 

.0204 

.010 

4S.7 

5.41 

.285 

.140 

10 

Green 

().82 

3.06 

.246 

.01S4 

.uos 

44.9 

,*..61 

Cl 

.117 

11 

Green 

7.5J 

3.67 

.214 

.0031 

.018 

48.7 

2.S4 

.041 

.2:i9 

ii» 

(iieeii 

7.97 

4.18 

.244 

.0035 

.020 

52.4 

3.06 

.044 

.251 

1.1 

Green 

7.00 

2.90 

.174 

.0029 

.008 

38.9 

2.29 

.03S 

.105 

14 

Oieeii 

7.46 

2.31 

.170 

.0020 

.015 

31.0 

2,28 

.027 

.203 

lo 

Chlorotie 

11.11 

5.19 

.402 

.0012 

.020 

46.7 

3.62 

.031 

.180 

10 

G«?eu 

1(».4() 

5.t!ij 

.461 

.0020 

.039 

51.1 

4.41 

.019 

.373 

17 

(‘hloiotie 

0.51 

4.44 

.389 

.0014 

.024 

46.7 

4.09 

.015 

.252 

IS 

(4reen 

11.00 

.".SO 

.490 

.0014 

.051 

52.7 

4.45 

.013 

.282 

10 

(’hlorotU* 

30.23 

4.05 

.430 

.0010 

.020 

45.2 

4.26 

.010 

.195 

1>0 

Greer 

10.28 

4.95 

..533 

.0013 

,067 

48.1 

5.18 

.017 

.651 


TABLE IT 

Showing Per Cent Iron (EcaOi) and Manganese (MU. 1 O 4 ) in Pahala Soils Soluble in 
1 Per Cent Citiie Acid from Blight and Xo Blight Pields 



Iron 

Manganese 

Condition of JField 

PeoO 1 

M11JO4 

Blight 

O^SS 

.032 

Blight 

0.86 

.041 

Xo blight 

0.42 

.020 

Xo blight 

1.10 

.017 

Blight 

0.70 

.o:j3 

No blight 

0.86 

.032 

BUght 

0.46 

.036 

No blight 

0.48 

.011 

Blight 

0.76 

.032 

No blight 

0.68 

.065 



22 


Ash, The high ash in the lea^e.s from Whitne} field, a field noted for hav- 
ing been a bad blight field, tends to confirm our original opinion that a high ash 
reduces the mobility of the iron in the plant under Pahala conditions. The rela- 
tive ash content of green and chlorotic leaves from Ena Plantation is also signifi- 
cant in this connection, as representing a similar relation in limestone chlorosis. 

Manganese and Iron' In the leaves taken from our experiment in Naahala 
field, the manganese has been increased only .0001 per cent (an 11 per cent in- 
crease), while the iron has been increased .012 per cent (a 57 per cent increase) 
by sulphur fertilization, which completely eliminated the chlorosis. On the basis 
of percentage in the ash, the increases are respectively .001 per cent MnO and 
.118 per cent Fe. In the Yellow Caledonia from Mudflow field, manganese is 
notably higher and iron slightly lower than in Naahala field, which is also true 
for the leaves from Stone and Keaiwa fields. Both of the latter are blight fields 
but were being cropped to D 1135 at the time leaf samples were taken. Samples 
15 and 16 from Whitney field, leaves from diflPerent stools, show higher iron and 
manganese in the green leaves, but the manganese in the clilorotic leaves is still 
appreciably higher than in the green leaves from the sulphur experiment. In 
samples 17 and 18, both of which were taken from the same stool, there is no dif- 
ference in the manganese but a much higher content of iron in die green leaves. 
In samples 19 and 20, which like 17 and 18 represent chlorotic and green leaves 
growing in the same stool, there is a higher manganese in the green but a 235 per 
cent greater iron. The leaves from Ewa, representing typical coral chlorosis, arc 
all high in manganese, while the higher iron content of tlie green leaves is out- 
standing. The Yellow Tip leaves from Kilauea are notably high in manganese 
and low in iron, and there is no increase in the manganese content of the leaves 
from the manganese-sulphate application at the rale of 1,000 pounds per acre 
placed in the furrow near the seed. This soil is very low in manganese, while the 
Pahala soils are all well supplied with this element. The Yellow Caledonia leaves 
from Kailua are also high in manganese and low in iron. The Kailua area has 
just recently been changed from a rice field to cane, w’hich probably accounts for 
the high availability of manganese. 

The data show beyond question that cane grown at Pahala is low in manganese 
as compared with some other island districts, but there is very little difference in 
the green and chlorotic leaves and no increase from sulphur fertilization, which 
completely eliminates the chlorosis. On the other hand, there is a big difference 
in the iron content of the green and chlorotic leaves, vnth the former much higher 
than the latter, and this has l)een greatly increased by sulphur fertilization. 

It is true that iron sulphate applied to the leaves at Paliala injures the tissues 
and that manganese sulphate dusts restore the green color of chlorotic leaves with- 
out injury. Further, in the large amount of work that has been done in the last 
few years upon tlie role of manganese in plant nutrition, it has been conclusively 
demonstrated that manganese has an important role in plant economy and that, 
like iron, it functions in large part as an aid to chlorophyl synthesis. 

On the other hand, w^e have demonstrated in our work that chlorotic leaves 
under field conditions are cliaractcristically high in ash, which may interfere with 
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niolDility of iron or manganetse, and that the soils in the blight fields are of a higher 
pH ( 1), which niay lower the availability of iron in the boil. In addition, we have 
shown I^eyond question that the plants may ht restored to normal green color and 
vigorous growth by increasing the acidity of the soil (1) (better availability of 
iron and manganese), and by increasing the acidity of the plant juice (1) with 
the aid of sulj^huric acid injections into the cane stalk, which, too, would increase 
the mobility of iron within the plant. Finally, we have demonstrated that if iron 
sulphate is injected ( 1 ) into the stalk instead of being applied to the leaves where 
it bums the leaf tissue, there is a complete restoration of the cane to normal 
color and vigor. 

The data ^\hich we have submitted in Table I lead us to believe that both iron 
and manganese are very necessary in chlorophjl synthesis, but that if one is 
absorbed by the plant in normal amounts a minimum absorption of the other will 
entirely satisfy the plant. Thi^ is indicated by the high iron and low manganese 
absorbed by cane growing on Pahala soils, and the high manganese and low iron 
absorbed by plants on the Kailua and Kilauea soils. In view of the fact that 
sulphur fertilization has not increased the absorption of manganese we are led to 
believe, on the basis of the large amounts of manganese absorbed on the other 
soils, that different soils may have rather definitely defined equililirium concentra- 
tions for manganese. Further, in view of the fact that the effect of sulphur has 
shown itself in a greater assimilation of iron, and that the greatest difference fn 
chlorotic and green leaves is in the iron content rather than the manganese content 
of the leaves, tlie results indicate that the iron deficiency and mobility is the greater 
economic factor in the type of chlorosis found at Pahala and usually called Pahala 
blight. 
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Oriental Rice Borers and Their Pareisites 


By Fred C. Haddcn 

In j\Iarch, 1928, the caterpillar of a moth was found destroying the stems of 
rice in the paddy fields at Honouliuli, Oahu. This moth is a pyralid, and lias been 
definitely identified as Cliilo simplex (Butler). The caterpillars chew their way 
up and down inside the rice stems, and stems thus hored turn brown, die and 
iisuall}’* break and fall over, and no head of rice is produced on that stem. Notes 
on this rice borer were published by R. H. van Zwaluwenburg, E. W. Rust and 
J. S. Rosa in The Haieaiian\ Planters' Record, Vol. XXXII, No. 4, October, 
1928, and the adult, pupae and larvae were figured. 

Because this pest is one of the major rice pests in the Orient, and closely re- 
lated to other moth borers which attack rice or sugar cane, it was thought highly 
advisable to undertake the introduction of parasites to control it in Hawaii. ^Yhen 
first discovered, it was not known whether this insect would attack sugar cane, or 
whether it would develop a taste for cane in the future. Since the parasites of 
Chilo are not confined entirely to it, but also attack other rice and sugar cane moth 
borers, the establishment of Chilo parasites would not only aid the rice growers, 
but would also lessen the injur}' to cane by Chilo simplex if it should take to 
attacking cane, and be at the same time potential enemies of any cane moth borers 
that might accidentally become introduced into the Islands in the future. 

A cooperative project was arranged in which D, T. Fullaway, of the Ter- 
ritorial Board of Agriculture and Forestry, and the writer, of the Experiment 
Station, H. S. P. A., were sent to the Orient in March, 1928, to investigate the 
natural enemies or parasites of Chilo, and to attempt their introduction to Hawaii. 

This paper is an account of the work done in Japan, Formosa and China by 
Mr. Fullaway and the writer, and pertains to the methods of collecting, shipping, 
and rearing of Chilo parasites discovered in the Orient. On arriving in Japan, 
Mr. Fullaway stayed in Kobe, obtaining and shipping large numbers of egg-para- 
sites during the first part of the year, while the writer proceeded on to Formosa 
in order to ascertain the status of the rice borer in relation to sugar caiae, and to 
search for larval parasites. The entire west coast and part of the northeast coast 
of Formosa were covered in May and obser\'ations made in the extensive rice 
and sugar cane fields of that island. Chilo simplex caterpillars were found 
everywhere in rice, but never in sugar cane, although the cane fields were adjacent 
to hadly infested rice. Following this, investigations were made in (Dhina. From 
a general casual observation of borer conditions throughout Japan, and in China 
along the coast from Hongkong to Shanghai, about 10 to 15 per cent of the entire 
Oriental rice crop is destroyed* by rice borers. 

However, Chilo simplex is not the only insect involved. There are two major 
moth borers in rice in Japan, and three in China; these in their order of impor- 
tance are: 
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1. The “paddy borer” of Japan — Sclioctiobiiis inccrtellits Walker. 

2. The “rice borer'’ of Hawaii — Chilo sini/^lcx (Butler). 

3. Noiiagria iufcrcns Walker. 

The adult insects are moths which do not do any damage to crops. The moths 
lay eggs. Tiny caterpillars hatch from these eggs ; these are the rice Iwrers and 
are what do the damage to the rice. They bite their way into the midribs of the 
leaves, boie down into the stems and kill the stalks. Stems thus bored turn yellow 
or brown, die and do not produce a head of rice. In some areas of a few acres 
each, in Foochow, China, over 80 per cent of the rice was destroyed. In these 
areas, parasites were scarce or were destrojed by hyperparasites. 

School obius iiiccrtcUus is the “paddy borer” of Japan; it is also called Yaa, 
Tsiiwyaa, Zuimushi and Itten-o-meichyu in Formosa and Japan. This insect has 
been reported as found in Ceylon, India, Burma, Giina, Java, Japan, Siam and 
the Philippines. It has been found attacking only rice by other entomologists, but 
the writer found larvae and pupae of this insect in Foochow, in rice, red rice and 
“gasung” {Zizania aqiiatica L.). The paddy l>orer is apparently the commonest 
and most destructive of the rice borers ; it is extremely widespread, being found 
throughout the Oriental region. According to observations of the writer, 
ScJwenobiiis was usually associated with Chilo and Nomgria in infested rice fields, 
but in some areas Schocnobiiis was doing nearly all the damage, as the other two 
borers were fomid extremely rare or not at all. This was also true of Chilo, for 
In some areas Chilo caterpillars were the predominant liorers in the rice stems; 
the others were not found or were very scarce. 

In parasite breeding work in Foochow, Schocnobiits was not as highly para.sit- 
ized as ChilOj in some cases less than one per cent being parasitized. This may 
indicate that the native home of Schocuobius is not around Foochow. The only 
parasite reared from Schocnobiits boring in gasung was Chclonus ihilonis Cush- 
man. 

Chilo simplex is the rice borer in Hawaii. It is a major rice pest in Japan, 
Formosa and China. It was found in numbers in southern Japan, Fonnosa and 
along the central coast of China from Shanghai to Hongkong. It was always 
more heavily parasitized than Schoenobius, This Chilo is the predominant rice 
borer in Taihoku, Formosa ; in the south it is scarce. Chilo laiwae were found 
most numerous in rice, rarely in red rice and Zizania, About twelve species of 
parasites were bred out of Chilo larvae in Foochow. Three species were sent to 
Honolulu in numbers and arrived alive and were liberated. These were Amyosoma 
chilonis Viereck, Dioctes chilonis Cushman, and Ccnfctcrns alternccoloratus Cush- 
man. Other species were also shipped but arrived dead or too weak to be liberated, 
A few each of the other species were also lilierated : Cremastidca chinensis \’ier., 
Tachinids and Chclonus chilonis Cushm. 

The life history of Chilo simplex is briefly as follows : The adult is a small, 
gray moth wliich lays masses of eggs in the spring on the young rice leaves of 
paddy growng in the seed beds, or in the fields. After the rice is a foot high the 
eggs are usually laid on the stems under the leafsheaths, or inside the leafsheath. 
There are 50 to 200 eggs in each mass or batch. The eggs are flat, oval disc- 
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shaped, and overlap each other like the bhingles on a roof. They hatch in about a 
week. The young caterpillars or “rice borers” crawl and swdm to other plants, 
but some bore into the leaves and stems of the plants the eggs are laid on. They 
bore into the midnb of the leaf, do\vn the midrib and into the base of the stem. 
As many as fifteen or tw^enty small larvae have been found in one midrib of rice 
or Ziskiiiia, When first hatched the borers are very small, about one millimeter 
long, when full-grown about an inch long. They often migrate from one stem or 
plant to another one. 

Chilo simplex overwinters in Foochow’ for four or five months in the nee straw’ 
(stems) as a full-growm caterpillar. There are three or four overlapping genera- 
tions in the summer time. 

In the summer, the length of time in the vanous stages is aliout : 

Egg 6 days 

Larva 30 

Pupa 15 “ 

Adult 7 “ 

Total 58 

In cooler w’eather, the life history is greatly prolonged. This is true es^iecially 
of the full-grown larvae, which overwinter in this stage for five or six months. 
Thus the entire life cycle from the egg to the death of the adult may l>e from two 
to eight months. 

Larvae could ht fomid in the fields throughout the summer, but wrere small and 
difficult to find w’hen the rice w'as small, that is, less than a foot high. Egg masses 
w'ere not found around Foocliow, although moths in cages were ovipositing readily. 

A^onagria inferens Walker was found only in small numbers in rice and very 
rarely in red rice and Zizania. It is also found in Formosa. 

Method of Procedure in Obtaining Rice Borer Parasites 
Ego Pabamtbs in Japan 

Mr. Fullaw’ay made his headquarters in Kobe in the Plant Inspection Building. 
Dr. C. Akiyama kindly loaned us the use of a large room in this building to use as 
a laboratory. In all our w'ork in the Orient, Dr. Akiyama has been of the greatest 
assistance in transshipping material, in offering helpful suggestions, and in many 
other ways he has smoothed the path of difficulty for the foreign entomologists. 
Mr. Fullaway corresponded with many Japanese entomologists throughout Japan, 
and soon liad collectors sending in Chilo eggs from many localities. These egg 
masses of 1 to 200 were wrapped in soft tissue paper in glass vials and pill boxes, 
kept in an ice box imlil just before the steamer left Kolie for Honolulu, then trans- 
ferred as quickly as possible to the cool room of the Dollar and N, Y. K. steam- 
ship liners. A few days later the Experiment Station was sent a wdre to meet 
that particular boat, and get the parasites. In Honolulu, ilessrs. Rust and Van 
Zwaluw’cnburg received the material, bred the parasites through one or two genera- 
tions and then liberated them in tlie fields. Many thousands of these parasites 
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were «eiit to Honolulu, a generation raised on Hawaiian Chilo eggs, and then 
liberated. In this way, hyperparasites were eliminated. Mr. Fullaway is to be 
complimented for the most satisfactory way the egg-parasite work was carried out. 
J\lessrs. Rust and \"an Zwaluwenburg handled the material in a most salisfactor\' 
manner in Honolulu. 

Two species of egg parasites were thus shipped ; 

1. Phantims hencficiciis (Zehiit.). 

2. Trkhograuwia japouicum Ashm. 

The latter is also known as the red-eyed trichogrammatid. In many cases 98 
per cent of the eggs in a mass were destroyed by these parasites. The Tricho- 
gramma was established in Hawaiian rice fields as indicated by later recovery. 

Ii.UlVAL PAHVhJTES 

Ten species of insect parasites, a parasitic nematode, and a predaceous carabid 
beetle were found attacking Chilo lar^^ae in Foochow. Ten to fifteen Chinese 
coolies were sent out into the rice fields and shown how to collect rice borer larvae. 
The dead and d3dng leaves and stems attacked by borers are easily seen, for they 
turn yellow or brown. They were cut off at the roots, tlie stem was then split up 
from the lower end until the borer was located, the stem was then cut off with a 
knife or scissors just in front of and behind the borei. These pieces were then 
brought in by the coolies, counted and jiaid for. Collectors were paid by the 
month or per piece of rice stem. Wages were $15.00 per month, or stems con- 
taining borers were bought at the rate of 5 for 1 cent. One of the favorite tricks 
of the collectors was to slip in stems not containing borers. Another was to collect 
for a few hours in localities where two or three borers were found in each rice 
stem, tlie rest of the day they sat under the sliade of a tree transferring the l>orers 
to healthy stems so that they would get paid for each borer. peculiar charac- 
teristic of these coolies was that they preferred to he crooked and lose money, to 
being honest and making more money. Perhaps tlie reason for this was that most 
of them came from a notorious pirate and bandit village. 

Later on, the system was finally adopted of papng them 2 cents per parasite 
cocoon. Then they tried to substitute ant cocoons, which are quite similar to 
parasite cocoons. The greatest difficulty in working in the Orient is to get any one 
to do the thing you ivant him to do in the way you want it done. 

The stems containing borers were kept in large glass jars 10 inches in diameter 
by a foot high, covered with cloth which ivas held on by rubber bands. Every 
day fresh pieces of Zhania were placed in the jars. The borers would crawl out of 
tlie older stems and bore into the fresh pieces. After a week or two adult parasites 
began to emerge, at the same time all kinds of other insects and hpierparasites 
ivould appear. 

At times mites would breed in great numbers in the older decaying rice stems ; 
they would fairly sw^arm over the parasites and in this manner would be carried to 
another place. Parasites thus attacked ivoidd try to scratch the mites off but were 
never successful in so doing, and as a result soon died. This made it necessary 



to split open all the stenib after a week hab passed and to remove all parasite 
cocoons, and transfer them to new breeding jars; this successfully eliminated mites, 
although some of the parasites were killed due to too rough handling. 

The adult parasites, after emergence, were fed honey and water and again 
transferred into clean, wide-mouth glass jars, which were stoppered with cotton, 
and placed in an ice box. It nas necessary to personally conduct these up to 
Shanghai, because no one else could be trusted to give tliem the proper care. No 
matter how carefully written instructions are given something is alwa}S done 
wrojig, and as a result the entire shipment arrives dead. 

From the ice box in Foochow the parasites were rushed into the Chinese steam- 
ers anchored down the jMin River at Pagoda anchorage, and into the ice box on 
the steamer. At Shanghai they were taken out, fed, transferred again to clean 
jars and put in the ice 1k)x in the Y. M. C. A. building. When the Dollar liner was 
about ready to sail to Honolulu, the}' were taken on Ixjard and put in the vegetalde 
room at 40° F. 

All the insects were kept from one to two weeks in Foochow before leaving on 
the Chinese steamer to Shangliai. They were kept in Shanghai from two to five 
days before leaving for Honolulu. The entire trip took from eighteen to twenty- 
four days, and the insects were always at least a month old (as adults) upon arri'v^l 
in Honolulu. 

The larv^al parasites arriving alive in Honolulu in fairly good condition were : 
.Iniyosoma, Ccntctcnis and Diodes. Yevy few of the others arrived alive, except 
when personally conducted during the entire journey. 

Parasite cocoons were also shipped. They were packed in 4-onncc tin salve 
boxes which were lined with soft tissue paper to absorb excess moisture and kept 
on ice at 40-50° F. throughout the trip, except for the short time ( ^ S hour) it 
took to take them from the shore to the boat and the boat to the sh()re. The tins 
w'ere pul in theniios bottles to keep the tempemture from changing, for, as soon as 
the cocoons wanned up. adults began to emerge in a few minutes. We now know 
that there is an overwintering period in which they stay in the cocoon in the cooler 
montlis ; and that it is possible to sliip them in the fall. 

However, fall-shipped parasite cocoons are very heavily hyperparasitized by 
Chalcids, and only about 5 per cent of tlie true parasites emerge. The “hj'pers” 
come out by the hundreds, and great care must be taken to prevent their escape. 

All foreign parasites received l)y the Station are handled in the quarantine 
room. This is a small room with a low ceiling, and finely screened windows. 

Before entering this room it is necessary to pass through a small dark room, 
and two doors which are almost air-tight. The parasite cocoons are placed in 
large glass jars covered with clieeseclotli. As the insects emerge, the true parasites 
are removed to new jars, and the ^‘hypers’’ killed. 

Emerging parasites were kept in jars to facilitate mating; some were kept lo 
experiment with rearing in the laboratory, others were released in the fields. 
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Tcjineumonid Parvsiies 

The Iclineumonid parasites of rice borer larvae have a visible ovipositor. The 
manner in which they parasitize their host has not been definitely studied by the 
writer. They probably crawl around, up and down the rice steins until they locate 
a borer, they then pierce the stem with the ovipositor (or stinger) and either 
oviposit the egg inside the stem or penetrate the skin of the rice borer larva and 
lay the egg inside the body of the host. This must also be true of the Braconids 
with visible ovipositors or stingers. The parasites with visible ovipositors are: 

^iiuyosonia chilonis Vier. 

Dioctcs chilonis Cushm. 

Cremastidca chincnsis Vier. 

Amaiuamorpha schocnohiac (Vier.) 

Chcloniis chilonis Cushman is a braconid without a visil^le ovipositor. It prob- 
ably parasitizes the host in the same manner as Chclonus sonorcnsis of Mexico. 
C. sonorcnsis inserts its eggs in the eggs of the rice borer and inside of the almost 
completely developed embryo. Later, the rice borer larva hatches from its egg 
and commences to eat and grow. In the meantime the Chclonus larva hatches and 
grows, living as a true internal parasite on the blood of the rice borer. It eventually 
kills the rice borer larva. This is a peculiar characteristic of nearly all parasites ; 
they eventually kill or produce sterility in the host. 

Tachinid Parasites 

Only a few Tachinids (three species) were reared from rice borers. Their 
metliod of attacking the host is not known. They probably oviposit on migrating 
borers as they move from one stem to another. They are evidently not very effec- 
tive parasites. 

Car^vbid Beetles 

Shortly after the rice harvest in Foochow a small black Carabid was found 
in small numbers in the rice stubble. Larvae, pupae and adults were found within 
the rice stems. In uncut rice fields the beetles were scarce. They were probabh- 
attracted into the fields from the surrounding country by the borers that were 
migrating from the stubble- Attempts to breed the beetles in cages were unsuc- 
cessful. They soon died in captivity. 

Nematodes 

At certain times nematodes killed and emerged from 20 to 50 per cent of the 
rice borer larvae. As many as five or six nematodes emerged from one cater- 
pillar, Because it was thought that the nematodes would be detrimental to the 
insect parasites, no attempt w'as made to introduce them into Hawaii. 



31 


List ur Parasites Studied 

The following parasitch were bred from rice borers or rice items in the r)rient: 

1. Aniyosonw chilotiis Viereck 
2 Microhiaton sp. 

3. Shirakia Atliocnobiac Vier 

4. Cent Cl crus altcrnccoloratus Cushm 

5. Dioctcs cliihnis Cushman 

6. Chclonus chilouis Cuslim. 

7. Cremastidea tliinensn Vier. 

8. Amaitunuorpha schoenohiac (\'ier. ) 

9. Gory pints basilaris Hlgn 

10. panicles flavipcs Cam 
1]. A panicles ihUocida Vier, 

12 Apantcles sp 

13. Truliogramma japonic uni Ashiii. 

14. rihuiitriis bcncficiens (Zehnl.) 

15. A gray Tachinid fly ( Sp K.) 

16. A black Tachinid fly (Sp. J.) 

17. A predaceous black carabid beetle ( Sp. L.) 

18. nematode worm. 

Some of these parasites were liberated on (Jahu in the following numbers: 


^Iniyosonia chilonis aKmt 250 

Cent dents about 40 

Diodes about 30 

Cremastidea about 8 

Microhracon sp, about 8 

Sp. “K"’ about 6 

Sp. “J'" about 2 


Hyperpar vsites 

Four or five species of chalcids were reared from parasite cocoons, also Uvo or 
hree species of small hymenopters not chalcids. 


ilr. Fullaway* lists parasites released in 1928 as follow's: 


Egg Parasites: 

Tricbogramma japonicum 41.975 

Phan unis bencficens 37,965 


Report of the Board of OomiuiBaiouprs o£ Agrieultme and Foieatry of the Toiiitory 
of Hawaii for the Biennial Period ended Beeeinlier 31. 1028. p. 40. 
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Larval Parabites: 

JapiiHcsc *J/ii_voroim( 212 

Japaucsc ^Ipaiitchs 289 

Ccnielcrus aUeruccoloratiis 40 

Diodes chilovis 141 

Amyosoma chlonis 86 

Cremasthics chinciisis 20 


Thus a total of about 80,000 egg-parasites, and about 900 lan'al parasites on 
the rice borer have been liberated in Hawaii at different times in the following 
localities : Honouliuli, Kaneohe, Pearl City Road, Waialua and Honolulu on Oahu ; 
also at Xawiliwili, Kauai. 

^bnyosoma chiloiiis Vier. was reared for liberation in the summer of 192^1. 

It is now definitely known that the following parasites have Income established ; 

Trichogramma japonkuui 
Diodes chilonis 
.Imyosoina chilonis 

They have been recovered in Hawaiian rice fields in the summer and fall 
months of 1929. ilr. Fullaw’ay says in the Report of the Entomologist for the 
week ended November 30, 1929, Hoard of Agriculture and Forestry: "Tw'o 
of the lar\'al parasites (of rice Irorer) were recovered from the field during the 
week confinning their establishment. They are Dioctes chilonis and Amyosoma 
chilonis.'' 
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Some Effects of Molasses Fertilization 


By W. T. !McGeor(;e 

During the last few years considerable interest has been manifested regarding 
molasses fertilization on our plantations. On the basis of some early soil investi- 
gations and observations, in spite of the high potassium content of the molasses, 
its application to fields had been scrupulously avoided for fear of injuring cane 
growth. It now appears that the prejudice against molasses had been largely based 
upon a misunderstanding of its effects upon the soil under field conditions. 
Laboratory studies rather than field studies had been the basis of most conclu- 
sions, During the past two years we have obtained further information upon the 
])rublem, which is of interest. 

It is largely to the credit of W. W. G. ]Moir that the question of molasses 
fertilization has been reopened, and this has undoubtedly led to a better tuider- 
standing of the problem. Excellent reviews of the literature, with comments by 
plantation field men, have been published by Mr. ^loir*, so these wll not be 
repeated here. 

part of the investigations reported in this paper were taken up at the solicita- 
tion of W. P. Alexander, fonnerly head of the department of research and control 
at Ewa Plantation Company, and the rest as a part of a study of the fertility’ of 
Kilauea Sugar l^lantaticjn Company soils. In the former, we were interested in 
the conditions under which molasses injured cane growth, as contrasted with other 
fields in which notable response to molasses was being obtained. In the latter, we 
were interested in its relation to the availability of potassium and its effect upon 
the soil colloids. A highly dispersed soil colloid was believed to be associated 
with the poor fertility of Kilauea soils. 

The Causes of Injury 

Iron and Aluminum: It has been found that when molasses is applied to grow- 
ing cane few or many spots may appear in the field in which the leaves turn yel- 
low or, in severe cases, will die. We liave obtained some rather definite evidence 
of the cause of this injury. On close examination of the plants the leaves 
appeared to have been injured l)y toxic amounts of iron and aluminum, and this 
was confinned by comparative analyses of the cane which showed a greater amount 
of these elements in the injured cane as compared to normal cane growing near by. 
This was further confirmed by an examination of the soil. The soil was a heavy 
clay type, and in the areas where injury occurred drainage was very poor. In 
some areas, standing water was still present in the furrows. There was a film of 
iron rust on the surface of the water and soil in the poorly drained areas. This 

‘‘Presented at forty-eighth annual meeting of the Hawaiian Sugar Planters' Associa* 
tioUj Bcccmbor, 192S. 
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was caused hy the solvent effect of the fermentation products of molasses, the 
acids, upon iron and alitminum compounds of the soil. The iron had subse- 
quently precipitated as ferric hydroxide or carbonate on contact with the air. 
Qualitative tests for iron and aluminum accumulations at the nodes of the cane 
stalk also gave evidence of toxicity from these elements. We therefore believe 
that iron and aluminum salts are the principal cause of injury from molasses, and 
that this will only occur in poorly drained soils where the molasses is allowed to 
accumulate and to ferment under anaerobic conditions. In well drained soils it 
would be the lietter policy to apply lime with molasses if the “active'* aluminum 
content of the soil is high. 

Kitrites: We were surprised to learn on examining the soils from the area< at 
Ewa Plantation that larger amounts of nitrite nitrogen were present in the soils 
where the cane liad been injured, while there was no difference in the amount of 
nitrate, both showing only traces of this form of nitrogen. The soil, where no 
injury to cane had followed molasses treatment, contained no nitrite, while tliat 
from the injured area contained .55 part ])er million of dry soil. All organic or 
ammonia nitrogen must, during the process of nitrification, pass from ammonia 
to nitrite before being changed to nitrate. The change is, however, very rapid 
and only traces of nitrite are found in soils except where oxygen is deficient, 
as the latter is vital to the final step in nitrification. Having no information on 
the effect of nitrite nitrogen upon sugar cane, some experiments were conducted 
ill order to determine tliis. 

Four pots of 50 pounds capacity were filled with Experiment Station soil and 
four with silica sand. Each pot was planted with three-eye H IW seed. C)nce 
each week nitrogen was added to two of the sand ]iots and to two of the puts of 
soil at the rate of 0.1 gram nitrogen from sodium nitrite. To the other four pots 
the same amount of nitrogen from sodium nitrate was added. Potassium phos- 
pliate was added to each of the sand pot.s to supply these two elements. The plants 
were grown from December 29, 1928, to March 23, 1929, and at no time ivas there 
any toxic effect from the sodium nitrile. At the completion of the exiieriment the 
sand and the soil from the pots were analyzed and the nitrate and nitrite ]>resent in 
dry soil or sand are given in the following table : 



P. J\ M. HH Nitrate 

P. P. M. aa Nitrite 

Rand — nitrite nitrugen 


.IH 

R.,il — ^nitrite nitrogen 

40.n 

1.00 

Rand — nitrate nitrogen 

4.S 

.00 

Soil — nitrate nitrogen 

40.:? 

1.34 


The soil from the molasses injured cane at Ewa contained .55 p.p.m. nitrite 
nitrogen, so it hardly seems iiiissible that nitrite was associated with the injur}'. 

Nitrogen Availability 

In the main, controversy over the \"alue of molasses has involved its relation to 
soil nitrogen and the activities of soil organisms associated with nitrogen trans- 
formations within the soil confines. It has been the general belief that denitrifica- 



tinii follows molasses fertilization. In order to study some of these factors, INIr. 
Alexander installed an experiment and placed it at our disposal. It was located 
in Field 17B, Ewa Plantation Company, and consisted of sixteen plots; four of 
these were molasses plots; five were check plots; and seven were biifTer plots 
separating the check plots from the molasses plots. The soil is a red clay loam. 
The area is a gently sloping one with good drainage in the upper plots, 1 to 13, 
merging into a heavier soil, less well drained in the lower plots, 14 to 16. It was 
hoped that drainage was sufficiently poor in the latter to cause injury. The cane 
was H 109 ratoons. The previous crop had been harv’ested August 28, 1928, to 
September 1, 1928. [Molasses was applied at the rate of 17.6 tons per acre on 
Septeml)er 17, in the first irrigation water. 

Four ])lots were chosen for study, namely, 9 and 16 for the check plots and 11 
and 14 for the molasses plots. The first set of samples was taken on September 
17, just before the molasses was applied. At this sampling both the first and 
second foot of soil were samj)led for future use in case injury should develop. The 
second set of samples was taken, representing the first foot only, September 26, 
just 9 days after the molasses had been applied. The third set was taken on 
Novemher 20, the fourth on January 9, the fifth on January 25, and the sixth on 
March 6. 

Data obtained from these samples included moisture and nitrate content under 
field conditions, iti situ, and nitrate fonned by incubating the soils in the laboratory. 
Soil reaction was detennined for the first two sets of samples, and in a number of 
cases nitrite nitrogen was determined. The nitrate formed by incubation or the 
nitrifying power of the soil was detennined by incubating 100 grams of soil for 
28 days, at o]')timum moisture content, in the laboratnr}\ The data obtained are 
given in the following tables : 

TABLE I 
Si'pt ember 17 

Showing Moi&turc Beaction, Kitrato, and Xitrito Content of Soil In Situ and Nitrifying 
I»ower. All Excejit Moisture Are on Dry Baaia. 






p.p.m. 

p. p. m. 

p. p. m. 

riot 


Per Cent 


N as Nitrate 

N as Nitrite 

N as Nitrate t 



H 2 O 

pll 

in Roil 

in Soil 

Pormed by 







Incubation 

Da- 

Cheek 

13.8 

7.(? 

2,6 

.019 

6.1 

ub 


15.9 

7.3 

2.6 

.009 

6.;i 

lln 

^^lolasses x>lut 

14.7 

7.0 

2.6 

.011 

6.2 

11b 


1 5.5 

7,4 

3.6 

.005 

5.8 

14a 

Molasses plot 

17.7 

7.7 

4.l‘» 

.006 

6.8 

14b 


18.4 

7.5 

3.:i 

.007 

6.0 

m\ 

Cheek plot 

17,2 

7.6 

4.5 

.012 

10.4 

IGh 


18.7 

7.4 

2.7 

.009 

7.3 


'"a — soil; h — subsoil. 

t Corrected fur nitrate originally in soil. This is true of all the nitrifying power data 
given in this report. 
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TABLE It 
Sept eiij Lor 2fi 

Showing M^oistui^, Eoai-tion, Nitrate, and Nitrite Content of soil In Situ and Nitrifying 
Power. A's in Tnljle I, on Dry Basis. 






p. p. in. 

p. p. in. 

p. p. in. 

Plot 


Pei Cent 


N ns Nitiate 

N as Nitrite 

N as Nitrate 



HoO 

pit 

ill Soil 

in Roil 

Formed by 
Ineubntioii 

9 

Chetk plot 

21.6 

7.0 

2.8 

.1.10 

4.0 

n 

Molasses plot 

21.6 

7.6 

2.S 

.070 

6.1 

13 

Cheek plot 

20.8 

7.4 

2.8 

.(lOO 

3.2 

14 

Molasses plot 

26.0 

7.4 

tr 

.070 

8.1 

16 

Cheek plot 

2.).2 

7.1 

o9 

.010 

3.7 


TABLE lit 
Novcnibei 20 

Showing Moisture, and Nitrate Content of »Soil In Situ and Nitrifying Power, 

Dry Basis. 





p. p. m. 

p. p. m. 


Plot 

Per Cent 

N as Nitrate 

N as Nitrate 



H^O 

in Roil 

Formed by 
Incubation 

9 

Cheek 

18.0 

9..‘l 

4.6 

11 

Molasses 

19.4 

12.8 

12.2 

14 

Molasses 

22.8 

66,8 

23.2 

16 

Cheek 

21.4 

34.S 

tr 


TABLE IV 
January 0 

Showing Moisture and Nitrate Content of Roil In Situ, Dry Basis. 





p. p. ni. 


Plot 

Per Cent 

N as Nitrate 



HoO 

in Roil 

9 

Cheek 

24 

17.4 

11 

Molasses 

24 

24.6 

14 

Molasses 

26 

23.2 

10 

Check 

24 

21.7 


TABLE y 


Showing Moisture, Nitrate and Nitrifying Po\rer, Dry Basis 



Plot 

Per Cent 

p. p. m. 

N as Nitrate 

p. p. m. 

N ns Nitrate 

0 

Cheek 

HoO 

24 

in Sod 

32 

by Incubation 
7 

11 

Molasses 

24 

52 

14 

34 

Molasses 

26 

61 


10 

Check 

25 

140 

—61 
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TABLE VI 
Mnieli I) 


Showing Moibtuic, Boaetion, Xitrate Content o± Roil In S>fu and Xitrifyiug Poorer, 





Pry 

1 ». p. m. 

p.p.m. 



Per Cent 


A as Xitrute 

N as Nitrate 

riot 


HoO 

pH 

in Soil 

Tornied hr 
Incubaticjii 

9—1 

Check 

IS 

8.0 

3.9 

8.;5 

9—2 

( ‘heck 

22 


4.2 

6.6 

2 

Check 

18 


39 

6.9 

11—1 

^lolasbes 

10 

S.O 

l.’i.S 

31.4 

11—2 

^klolassos 

ID 


13 9 

48.0 

11—2 

AFolaasos 

IS 


10.8 

16.0 

14—1 

M olas-,es 

21: 

7.7 

8.6 

11.0 

14—2 

Mola^'Scs 

oo 


8..8 

20.4 

14—2 

[Molasses 

24 


10.8 

21.4 

IR— 1 

Cheek 

22 

7.7 

7.2 

3.0 

l(j— 2 

Cheek 

22 


10.3 

16.D 

16—2 

Check 

24 


17.8 

a.7 


Plotb 9 and 11 are in the better drained, higher level of the experiment, while 
14 and 16 are in the hea\ 7 ’ soil at a lower level than 9 and 11. All the detemiina- 
tionb were made upon the fresh soil direct from the field and are calculated to a 
common basis of water-free soil. 

Tabic I: There is little variation in soil reaction but slightly higher nitrate 
nitrogen in the lower area, plots 14 and 16, as well as 1)etter nitrifying power. It 
is evident from column one tliat this higher nitrate and better nitrif}ing i)ovver are 
associated with a belter moisture-holding capaciU'. So much for the soil prop- 
erties before molasses fertilization. 

Tabic II: This set of samples was taken Septeml>er 26, 9 days after the 
molasses was applied, and an additional check plot, No. 13, was included. The 
change in soil reaction is practically nil on tliis soil type and no apparent injury 
to cane grow'th was visible. The higher moisture-holding capacity of plots 14 and 
16 is again in evidence. The inculiation tests show a better nitrifying power in the 
molasses plots, even at this early date. This indicates that if denitrification 
processes are active the nitrifying power has been sufficiently increased to more 
than make up for any loss of nitrate under field conditions. There was no e\'i- 
dence of nitrogen starvation in any of the plots at this period. 

Tabic III: The tliird set of samples was taken two months after the applica- 
tion of the molasses and shows a great increase in nitrate content in situ, as well as 
an increase in nitrifying power of the soil in the molasses plots. Plots 14 and 16, 

1 — Sampled with soil augur, 13 inehes. 

2 — Sampled with soil trowel, 6 iuehes. 
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with better water-holding capacity, still show higher nitrate, and the cane was 
making better growth at this time than in plots 9 and 11. 

Tables II^ and On January' 9 this field had just l)een irrigated and the 
samples obtained with the soil auger were so badly puddled that weighing a rep- 
resentative sample for nitrification was impossible without first drjdng the soil. 
Therefore, only nitrate in situ \^as determined. Unfortunately, the January 25 
sampling was also made just at the lime of irrigation as well as fertilization. Tlie 
samples taken were in a badly puddled condition and as dr} ing in the air, which 
would have been necessary to get a representative sample, was out of the question, 
the results cannot be accepted as accurate. The fertilizer had just liecn applied 
and this necessarily entails incomplete diffusion within the soil confines. 

Tabic VI: After the experiences of January 9 and 25, the next sampling date 
was set for the day preceding the first ilarch irrigation, i.e., March 6. At this 
time the soil was in an excellent physical condition. Three samples were taken 
from each of the four plots ; one with a soil auger, five borings one foot in depth, 
and two with a trowel, each from eight spots to a depth of six inches. The soil 
still continues to show higher nitrate nitrogen in the molasses plots and lietter 
nitrifjdng power. Of the two check plots, better availabilit}” of nitrogen continues 
to prevail in plot 16 where the moisture-holding capacity is higher. At this date 
there appeared to be a noticeable response to molasses in plot 11, as compared to 
check plot 9. But there is no observable difference l)etween plots 14 and 16 where 
the water-holding capacity is higher, and nitrification in the check plot 16 is very 
good. Cane growth is very good in both plots 14 and 16. The samples taken with 
a trowel show considerable ^^riation, which indicates less unifonnity in the surface 
6 inches of soil. 

Judging from the preceding, there is no evidence of denitrification but rather a 
stimulation in nitrification and nitrifying power from the time immediately fol- 
lowing that at which the molasses was applied. In order to compare soil from this 
experiment with that from other fields at Ewa, to which molasses had been applied, 
soil samples were taken from a number of other fields. 

Field 15B: This field received 11J4 tons per acre of molasses July 3 to July 5, 
1928. New ratoons were starting just at that time. At first there was a temporary 
injur}'' which manifested itself in the form of pale green leaves. This injury was 
not uniform, but was present only in scattered spots and the cane soon grew out 
of it, after which an excellent response to molasses, as compared to tlie check 
plots, appeared. This experiment included a niomber of plots to which potash had 
l^een added in amounts equal to that added in the molasses in order to compensate 
for this factor. Soil samples were taken September 26, 1928, from check plot 4, 
molasses plot 3, and a potash plot. 

Field 2A: This field received 18 tons per acre molasses !May 19 to June 9, 
1928, and the soil samples were taken September 26, 1928, 4 months after appli- 
cation, from adjacent molasses and check plots. The cane was showing excellent 
response to molasses in this field at the time of sampling. 

Field 21 B: This field received tons molasses per acre April 10 to June 11, 
1927, and the soil samples were taken November 20, 1928. At tliis lime the ex- 
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periment was in its second crop. The crop to which the molasses was added had 
‘shown no response to the treatment. This is a coral-impregnated field in which 
the cane is afflicted with limestone chlorosis, and the molasses had been added in 
order to observe its effect upon chlorosis. This is the only field sampled w'hich had 
not shown response to molasses. 

Field 13C: This field received 28 tons molasses per acre on June 16 to June 
21, 1928, and the soil samples w’ere taken November 20, 1928. During the early 
growth there Avas some injury, which appeared in small spots, but the cane soon 
grew’ out of it and from that period appeared to be making better grow’th w^here 
the molasses had l■)een applied. It is prol)able that 28 tons is too large an applica- 
tion for this field. 

These soil samples w’ere analyzed for moisture and nitrogen, and their nitrify- 
ing pow’er determined wdth the results as given in the f ollow’ing table : 

TABLE VII 

Allowing ^toibtuic, Xitiiite Xitrogen and Nitrifying Powci of Soils 




p. p. 111. 

p. p. m. 


Per Cent 

X as Xitratc 

X aa Xitrato 


UoO 

in Soil 

Formed by 




Incubation 

Fiold loB — Pcitnsli plot 

. . . . 27 

5.9 

6.3 

Field loB — Chock plot 

22 

4.3 

4.9 

Field loB — Molahbes plot 

2S 

3.0 

27.0 

Field 2 A — Cheek jdot 

. ... 21 

18.0 

12,0 

Field 2A — Molnsses plot 

. . . . 17 

31.4 

34.0 

Field 21B — Cheek plot o9X .... 

. . . 2o 

5.0 

7.0 

Field 21B — ^Molaases plot (lOM . . 

27 

16.4 

18.6 

Field 21 B — ^Molnsscfi plot 04M.. 

28 

S.6 

23.1 

Fiidd 23 B — Cheek plot 6oX 

. . , . 25 

.LO 

7.5 

Field 13C — Clueek xilot 

. . . . 25 

3.6 

6.9 

Field 13 C — MoIhrscs i»lot ...... 

... 26 

3.6 

17.8 


These data tend to confinn the results obtained in our soil studies on the ex- 
periment in Field 17B, In every case the better nitrifying power of the soil from 
the molasses plots, which signifies a greater availability of soil nitrogen, is shown. 
It is significant that this property is still manifested in Field 21B 18 months after 
the molasses had been applied. The greener color of the cane leaves growdng on 
the molasses plots further testifies to tlie better nitrogen availabilit}\ The greater 
difference in nitrifying power, as comimred to the difference in nitrate present in 
the field, testifies to the fact tliat the cane wns using this extra nitrogen as fast as it 
W’as being nitrified. 

Availability of Potash and Phosphate 

ifoir found a distinct increase in available potassium and phosphate in the soil 
following molasses fertilization at Pioneer Mill Company after one year, wdth a 
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still greater increase after 5 years. At Ewa we did not find any effect upon 
phosphate availabilit}', but found that the potassium from molasses had greatly 
enriched the supply of available potassium in the soil. 

The availability of potash and phosphate, as measured hy one per cent citric 
acid, is given in Table \"III, and fur two fields the solulnlity of potassium in water 
saturated with carbon dioxide is given in Table IX. The data do not show any 
definite relation to phosphate availability, but in every ca^e the citric soluble potash 
is greatly increased, except in Field 21B and it is significant that this is the only 
field in which no response to molasses was obtained. The molasses application in 
this case was the smallest, 75^4 tons per acre, and the soil differs in being a coral 
type, which may have influenced the availability of potash. The data in T'ahle IX 
also show a greater solubility of potassium in water saturated with carbon dioxide, 
and tliis is significant in that plant roots feed largely hy the aid of carbon dioxide 
which they secrete. These data show l>eyond question that potaah added in 
molasses is fixed by the soil in a highly available form, 

TABLE Vin 

IN't Tout KoO and PaO.-i Roluldo in 1 Per Cent Citric Acid. 


Sample and Field 

K 2 O 

P:iOr, 

I.IB — ^I’otash plot . . 

. . . .033 

.0213 

15B — Cheek pb.t 

. . . .023 

.0J90 

15B — Molasses plot 

.Ooi) 

.0103 

2 A — Cheek idot 

021 

.0093 

2A — ^Molas>>es plot 

032 

.009S 

21B— Cheek plot, 59X 

029 


2 IB — Molusses plot, 60M 


.0293 

21B — Molasses plot, 64M 

023 

.0102 

21B— Cheek plot, 6 jX 

016 

.0041 

i:iC-~Cheek plot 

026 

.0285 

13C — Molasses plot 

.043 

.0283 

■17B— Cheek plot, hX 

Oil 

.0070 

17B — Ml lasses plot, IIM 

042 



17B — ^Molasses plot, 14M 

006 

.0137 

17B— Cheek plot, ICX 

(Septeirl er 26 ‘'nnqlm.') 

021 

.o;ioo 


TABLE IX 

Rhoiviug Per Cent KoO Holuble in Water Saturated With Carbon Dioxide. 


Sample and Field KoO 

15B — Cheek plot OOS 

— Molasses plot 026 

2 A — Cheek plot 006 

2 A — Molasses plot 021 
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iluLVSSES VS AX AMENDMENT FOR INFERTILE SOILS 

At Kilauea Sugar Plantation Company, where the soils are very infertile, it is 
the practise to fallow the fields for a period between the last ratoon and replanting. 
The value of such a program is usually reflected in a l^etter yield of plant crop and 
a lack of response to nitrogen. The increase in available nitrogen, due to better 
aeration, sunlight, etc., is sufficient to supply the requirement of the plant crop. 
From our observations, there is much in similarity between the effect of molasses 
on our soils and that of aeration and fallow. Our virgin soils usually show very 
little nitrifying power but this is greatly increased by plowing. A similar con- 
dition also exists in poorly aerated cultivated soils which have lieconic malted and 
shaded liy the heavy growth of cane for some months preceding harvest. 

In view of the above, the question naturally arises, will plantation soils which 
apparently demand a period of fallow respond to molasses, and can molasses fer- 
tilization replace fallow in the crop cycle? Kilauea Plantation soils are excellently 
suited for such an investigation, and in our study of molasses fertilization this tdiase 
of the problem has l)een included and much information has l)een obtained. 

Five different series ot pot ex]^eriments, involving 100 pots in all, each pot 
holding 55 pounds of soil, were conducted in this study. The soil selecte I for this 
work was taken from Field 24, Kilauea Sugar Plantation Company, a poor field, 
and in view of the fact that Kilauea soils are highly colloidal and underlain with a 
veiT toxic subsoil, which is undoulitedly one factor which makes a fallow neces- 
sary, this sul)soil was included by using soil 18 to 24 inches. In every ca^e, we 
obtained better plant growth when complete fertilizer was supplemented by 
molasses. In every case we obtained lietter plant growth on aerated soil, as com- 
pared with soil which was transferred from the field to the pots without ]iennitting 
aeration. In the unaeraled toxic soil and subsoil no response was obtained with 
heavy applications of complete fertilizer, except where molasses was also applied. 
In fact it was evident throughout these experiments that the effect of molasses was 
quite similar to aeration. 

As a matter of interest, two of these experiments are explained in detail : 

Experiment D: The soil used in this series had been used in other pot experi- 
ments here at the Experiment Station and, while not allowed to thoroughly dry, 
had been well aerated and had received some previous fertilization. 

Experiment E: The soil used in this experiment was taken from the same 
spot in the field as that used in Experiment D, but was placed directly in the pots 
without pennitting any aeration. 

The plan of these exi>eriments was as follows: All pots contained tlie same 
weight of soil, 55 pounds ; were planted to Yellow Tip seed : were planted on the 
same day, April 1, 1929; and fertilized on the same day, March 29, just one day 
preceding planting. Nunil^ers represent grams added of dried blood and nitrate of 
soda (N), sulphate of potash (K), superphosphate (P), molasses (Mol.) and 
sugar. 
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KX1»EBIMENT D 


1. X7 

2. X7— ilol. 200 

3. X7— fiugar 300 

4. X7— Sugai 300— K23 

3. N7— K23— P25 

6. X7— K25— P25— Mol. 300 

7. Xr—K23—P25— Sugar 300 

5. X7 — ^K25 — P2o — Sugar 300 — ^K23 

EXPBRIMEXT E 

1. X7 

2. X7— K25— P2.'; 

3. X7— K23— P25— Mol. 300 

4. X7— K25— P25 — Sugar 300 

5. N7—K25—P25— Sugar 300— K25 

0. X7 — ^P2o — Sugar 300 

We sought, in this experiment, information on the effect of aeration on cane 
growth, the comparative effect of complete fertilizer on aerated and unaerated 
soil with and without molasses, and the relative influence of the sugar and ix>tas~ 
sium, in molasses, upon the response obtained. 

Growth measurements were made at intervals during the growth of the plants, 
and these are given gp*aphically in Figs. 1 and 2, together with the final weight of 
tops and roots. The tops were analyzed and the comparative composition is given 
in Tables X and XI. 

TABLE X 

fallowing Composition of Plants Grown in Experiment B 

:s^rag- 



Nitrogen 

Ash 

Silica 

Phosphate 

Calcium 

nesium 

Pt»tassium 

Treatment 

N 


RiOo 

P2O3 

Ca 


K 



Per Cent Dry 

Matter 




1. N 

. .587 

5.25 

1.48 

.383 

.225 

.131 

1.48 

2. N— Mol 

. .e02 

6.31 

1.11 

.337 

.220 

.102 

2.22 

3. N— Sugar 

. .531 

5.90 

1.83 

.339 

.248 

.133 

1.31 

4. N — Sugar— X 

. .546 

6.76 

1.43 

.345 

.116 

.071 

2.37 

5. N— K— P 

. .514 

7.37 

1,45 

.378 

.139 

.076 

2.56 

6. N— X— P— Mol 

. .337 

7.26 

1.23 

.381 

.133 

.082 

2.58 

7. N—K—P— Sugar . . . 

. .495 

6.58 

1.30 

.429 

.136 

.085 

2.37 

8. N — — ^P — Sugar — 

. .458 

7.03 

1.63 

.423 

.163 

.105 

2.52 



Per 

Cent 

Ash 




1 



21.9 

7.30 

4.29 

2.49 

28.3 

9 



17.6 

5.3t1 

3.52 

1.61 

30.3 

3 



31.0 

3.74 

4.22 

2.60 

25.6 

4 



21.1 

5.09 

1.71 

1.05 

35.3 

0 



19.7 

3.13 

1.90 

1.03 

34.8 

6 



17.3 

5.24 

1.81 

1.13 

35.6 

7 



20.0 

6.51 

2.06 

1.30 

36.1 

8 



23.0 

6.00 

2.33 

1.49 

35.8 


* Analyses by J, H. Ihiffy, 
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TABLE XI 

Showing Conipoaition of Plantb Gio^n in Expeiimcnt E" 



Nitiogcu 

Ask 

Silieu 

Phosphate 

Culeium 

nesium 

Potassium 

Treatment 

N 


SiOo 

PaO-, 

Ca 

iig 

K 



Per Cent Dry Matter 




1. N 

. .456 

4.17 

.82 

.800 

.384 

.267 

.86 

2. N— P— K 

. .411 

6.20 

.60 

.340 

.146 

.088 

2.13 

3. N— P— K— Mol 

. .412 

5.55 

.43 

.321 

.168 

.108 

2.20 

4. N — — K — Sugai . . 

. .433 

5.56 

.59 

,392 

.137 

.087 

2.07 

N — ^P — — Sugar — 

. .493 

6.12 

.97 

.581 

.174 

.112 

2.42 

6. N — P — Sugar 

. .525 

3.96 

.50 

.245 

.385 

.348 

.65 



Per Cent 

Ash 







19.7 

6.70 

1.97 

6.39 

20.77 

2 



10.5 

5.98 

2.36 

1.55 

37.47 

3 



9.4 

5.78 

3.03 

1.94 

39.37 

4 



10.0 

7.04 

2.83 

1.56 

37.17 

5 



15.9 

0,48 

2.84 

1.82 

39.53 

6 



12.7 

6.18 

9.72 

8.78 

16.44 


Figs. 1 and 2 show a notable response to sugar (sugar was added as syrup of 
the same Brix as that of the molasses), but a still greater response to molasses in 
both experiments. This is reflected in a greater weight of tops in both, and a 
much greater weight of roots in the unaerated soil treated with molasses. This 
effect of molasses and sugar upon the production of roots in this toxic soil is esi:)e- 
cially significant. There is a notable lack of response to nitrogen, potash and phos- 
phate as compared to nitrogen only, the grow’th 1>eing verj' poor in the unaerated 
soil but very good in the aerated soil. Where additional potash is added with 
sugar to make up for that present in molasses, the response is still less than that 
obtained with molasses. The response to molasses in the unaerated soil, while 
better than tliat obtained without molasses in the aerated soil, is not so great as 
that obtained with molasses on the aerated soil. It is to l^e regretted that we did 
not include in this series a treatment of coral rock with molasses, as we have evi- 
dence that the molasses is more effective on this soil type if lime also is added. 

The plant analyses show a letter assimilation of nitrogen from the aerated soil 
as compared to the unaerated. While there is some variation in nitrogen in the 
different treatments, it can not be stated tliat any of these have greatly affected the 
nitrogen as per cent dry matter, but of course in amounts of nitrogen actually 
assimilated, the larger plants, that is, those fertilized witli molasses, have assimi- 
lated the greater amount. The same is true for the assimilation of potassium and 
phosphate. In fact, so far as the chemical composition of the plants is concerned, 
the analyses do not indicate that the relative composition is materially altered by 
molasses fertilization. The amount of potassium assimilated is especially signifi- 
cant in this comiection as just as much potassium has been assimilated from potas- 
rium sulphate as from molasses. It is evident from these experiments that the 


Analyses by J. H. Duffy. 
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potabh j^rcbent in molabses is not the caube of the improved growth on this soil, 
allhough this element will be supplied by molasses in an extremely available form. 

The toxicity of soils, such as we have used in these experiments, has largely 
develoi>ed from poor aeration, a condition which alwa\s accompanies an excess of 
highly colloidal clay, if associated factor® are such as to induce a highly dispersed 
state On exposing such soils to the air, to sunlight, or other environment which 
tends to correct the effect of this lack of aeration, there will follow an improve- 
ment in fertility of the soil. Together with this improved fertility, there is an 
improvement in the physical condition of the soil. The clay will appear less dis- 
persed . will settle more leadily when shaken in a column of water, and will, in the 
field, api^ear more granular or shotty. One of the principal agents involved in 
this change in soil property is the carl:)on dioxide m the air, which, of itself and as 
basic bicarbonates, is an active flocailant for clay. xVccompanying this more desir- 
able physical stale is a letter availability of plant food and a more active biological 
flora. 

In the fermentation of sugar, copious amounts of carbon dioxide are produced, 
and we have found that this, like the carton dioxide of the air, works for a more 
favorable mechanical state in the soil. This is especially true if there is sufficient 
calcium in the soil to combine with carbon dioxide to form calcium bicarbonate, 
which is an active flocculant. Applications of calciimi carbonate and molasscb to 
heavy clay soils should be effective if provision is made for proper aeration during 
the period of active fermentation. ()ur experiments demonstrate that the effect 
of molasses is largely reflected in a totter root system, and this m turn is the result 
of an environment created by molasses fermentation, conducive of more active root 
respiration. The relative composition of the plant is not greatly altered by 
molasses fertilization as compared to applications of complete fertilizer. It is sim- 
ply a case of larger amounts of plant food lacing assimilated through a more active 
root respiration, and therefore a greater production of plant material. Tn other 
words, molasses acts toward the soil in many ways like a fallow, by stimulating 
nitrification, improving the physical condition and by promoting more active root 
respiration. The root system must penetrate the soil. Often the soil offers cer- 
tain difficulties; it may to too dense, too wet or too colloidal. In the latter case 
the root growth must necessarily be limited to a thin surface area where the roots 
will have access to air. A nonnal subaerial growth can only be obtained from nor- 
mal subterranean growth. 


Conclusions 

1. Injur}^ following molasses fertilization is due in most part to an increase 
in the iron and aluminum content of the soil solution as a result of the acid de- 
veloped during the fermentation of molasses in poorly aerated soil. It would to 
the better policy to include coral rock or other fonns of lime with molasses applica- 
tions to heavy clay soils, and to plow the field soon after their application so as to 
obtain good aeration during the process of fermentation. 

2, Xitrite nitrogen in the amounts which we have found present in the soil is 
not toxic toward cane growth. 
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3. Under field conditions, in the s.oils. which we have examined, there has lieen 
no evidence of denitrification except where aeration is poor On the contrar>’, 
there has. been an active stimulation in nitrification beginning with the peiiod 
immediately following the application of the molasses. 

4. There was no influence upon the availability of phosphate in these soils 
during the period of the experiments. 

5. Potash which is jiresent in molasses is retained by the soil in a very avail- 
able form. 

6. It has lieen shown by experiments upon Kilauea Plantation soil that 
molasses reacts very much like a fallo\v in that it improves the mechanical condi- 
tion of the soil, stimulates nitrificadon and root respiration and extends the forag- 
ing range of the roots. 
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Asphaltic Sealing of Reservoirs 

.i treatise on mainland processes and on a similar development for experimental 
procedure under Haumian conditions. 


Uy F. E. H\Ncn 

Methods of reducing* seepage in earth-bottom reservoirs have, to a certain ex- 
tent, been under experiment on Ha\^aiian plantations [or a number of years. 

An economic, expedient and satistaclory' sealinj^ process has not, as yet. been 
fully developed. 

Oliscrvations on reservoirs* in some localities have shown that as fine silt, mud 
(jr other sus])ended matter settles from the still waters to the liottom of the basin 
( and builds up a “cake”) the water retaining properties of that particular reservw 
become correspondingly better. 

On the other hand, a greater numl^er of reservoirs are in u.se which apparently 
have not been improved after many years sedimentation has been deposited. 

few' reservoirs on the islands of Maui and Haw'aii have been serviceil in 
natural basins w'hich were left by extinct volcano craters. 

Seepage from tliis crater type of reseix'oir is usually very excessive and, as a 
rule, the w'aste flow’ is rapid enough to cariy' off all residues of fines w’hich w'oiild 
normally collect in an earth Iwittom basin. 

We have numerous reservoirs on each of the Islands w’hich have been built by 
damming a gulch. The dam may consist of an earth fill, with or without a stone 
facing, or it may be a plain hydraulic earth-fill structure. \A1iere this tyiie of 
reservoir has been built in fairly impervious soil and excessive seepage has devel- 
oi^ed, the trouble has most frequently been located either in the gravel floor of ihe 
basin, w'hich Avas formerly an old stream bed, or it may appear in the artificial dam. 
This same type of reservoir has also been built on some of the Island plantations 
in very granular or porous soil. A few of tliese leaking basins wdiich, olndously, 
liave had to be al)aiidoned and are now lying idle, are put in service only during 
an unusual emergency. 

The problem of leaking reservoirs in the Hawaiian Islands is indeed a very 
general one and without any doubt a rather serious one. 

The correction of seei>age has been attempted in past years either by coating 
the reservoir with a layer of clay-like soil or by puddling the w*et and empty liasiii 
irith cattle driven repeatedly liack and forth across the bottom. 

In 1927, the department of chemistry at tliis Experiment Station, investigated 
the possibilities of a "chemical” or artificial puddling. The material from a num- 
ber of reservoirs was sampled and experiments were made which showed that 
certain types of soil were rendered very impermeable by percolating a common salt 
solution through tlieni. This operation involved a chemical base replacement in 
the soil colloid. A discussion of the chemistry of the salt treatment was made by 



G. R Stewart and the writer in the Hazjaiiu)} Planfcrs" Pccotd for October. 1927. 
In these experiments w'e found that many of cmr soils, e&pecialh those from Ha- 
w'aii, did not Avarrant a salt treatment because of their sandy character or because 
of a low concentration in colloidal constituents. 

A few reser\oirs on the island of Oahu were j>iven a salt treatment. One of 
the smaller basins so treated gave encouraging indications of iniprcn^einent but ihe 
nature of the treatment necessitated the im])ounding of fresh mountain water, in- 
stead of partially saline pump Avater. This Avas found iiecessarA’ hecau‘?e of the 
likelihood of a rcA^ersal of the chemical puddling reacticms occurring in the soil 
from the effect of the compounds in the saline Avater. 

A lirief explanati<in of the manner of securing salt puddling may clarify the 
aboA^e statement* 

.\fier a colloidal soil has been saturated Avith a salt treatment, it AA’ill still per- 
mit a salty stdution to percolate through it at a restricted rate. If, therefore, a 
supply of fresh AA’ater is placed upon this “salted" soil, percolation will gTladualh 
be reduced and in some cases it may almost stop entirely, -^t this point the -legree 
of puddling in the treated soil is at a maximum and the movement of pure Avater 
through it under a high hydrostatic head is, as a rule, A*ery sIoav indeed. Hoaa- 
ever, if a solution of common salt, or a solution of a combination of salts contain- 
ing some calcium is applierl ahoA^e the treated soil it aviII gradually cause it t(» 
“t)ijen up." Water AAall begin to percolate at an accelerated rate and, in some 
cases, the original porosity of the soil Avill he restored. 

.V large part of t>ur irrigation pump water contains appreciable amounts of 
common and calcium salts. 

If the salt puddling scheme Avere entirely successful on all our soilb (AA'hich is 
not the case) CA^en then the salt treatment could only lie utilized for basins designed 
to store fresh mountain Avater of very Ioav calcium or sodium content. 

.\s the iiiA^estigation on puddling progressed it soon l;>ecame apparent that our 
soils Avere so variable and the salt treatment even A\'hen applicable aaois subjected 
to such a stringent regulation on the character of AA^ater to be impounded, that a 
more practical scheme should he looked for if a satisfactor}- method of sealing 
A\as to Iac realized. 

Early in 1928, the Oahu Sugar Company, Limited, l^egan experimenting AAath 
a fuel oil application to the inner exposed surfaces of reservoirs A\*hich AA'ere badly 
leaking, 

Alx)ut the same time Ave began experimenting on small test depressions Avith a 
hot coating of Diesel oil containing dissolved petroleum asphalt. The results of 
the asphalt experimenting Avere quite satisfactory and later led to the asphaltic 
treatment at two large basins of the "W^aimanalo Sugar Company at Waimanalo, 
Oahu. 

An investigation, was begun and is now in progress on a characteristic property'' 
of asphalt which may render it not entirely satisfactory for sealing purposes. In 
long contact wdlh clay or soil in fine division, under Aveathering conditions, asphalt 
becomes as brittle as chalk. This point w’as brought to the Avriter’s attention by 
Joel B. Cox, engineer at the McBryde Sugar Company, Eleele, Kauai. Mr. Cox 
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buggested that the “chalking** of asphalt ina}' prove a serious objection to its 
utilization for sealing earth reservoirs. 

Conferring later with IMr. Stewart, chemist at this Station, a definite research 
u as agreed upon to estal^lish the cause and, if possible, the remedy for the asphalt 
deterioration. A search of the literature did not reveal a satisfactory explanation 
of the chalking phenomenon, ilr. Stewart then gave his endorsement to a plan 
whereby a research would l>e made to determine : 

1. If colloidal adsorption of volatile and plastic constituents of the asphalt 
tO(jk place by contact with soil under alternately wet and dry conditions. 

2. If the chalking was the result of the catalytic oxidation of the asphalt in- 
duced h\ contact with impalpahly fine Hawaiian soil. 

3. If the phenomenon w'as not but a simple weathering process due to evapora- 
tion and oxidation of the asphalt plastics by the sun, rain and contact with soil. 

W'e had previcnisly observed that the de erioration of asphalt was arrested in 
road beds in which crushed stone alone was brought in contact with the petroleum 
product. 

We had also observed at dirt road intersections, and in road shoulder soil over- 
lapping, that asphalt deterioration and road pitting were much more pronounced 
where the asphalt was in direct contact with the soil. The probable causes of 
deterioration as suggested in (1) and (2j, aliove, are, we feel, subject to ready 
control. 

.V method of primary soil treatment, which is in use on mainland projects, 
apiiarently has reduced to a minimum any colloidal adsorption of plastic con- 
stituents and has also apparently removed conditions which favor the catalj'tic 
oxidation of the asphalt. This primary soil treatment will be discussed later. The 
matter of evaporation and deterioration by weathering of the asphaltic sealing 
compound is at present under observation at three locations on experimental in- 
stallatkiiis on the island of ( )ahu. 

In February, 1920, experimental work on asphaltic treatment of reservoirs in 
Hawaii was postponed while a study was made of mainland practices on similar 
undertakings. The present schedule of experiment has been modified and ex- 
panded as a result of the experiences gained in this investigational study. 

The report which follows covers the investigation and carries also a description 
of the scheme which has since been adopted for experimental work in the Islands. 


The ^Isphalt AssociatioUj Km York City 

Prevost Hubbard, director of the Association, discussed the problems of reser- 
voir sealing with the writer. Mr. Hubbard stated that sealing problems were sel- 
dom encountered in the Eastern States. He advocated the continuation of our ex- 
perimental program but added that he could not contribute any information as to 
tlie causes or remedy for asphalt chalking in Hawaii. He gave us several valuable 
suggestions on canal and ditch lining with asphaltic compounds. These will be 
discussed under that heading. 



^fr. Hubbard offered to ‘^upply us with the literature which hib ^Vsbociation is 
publtshiiif* and will continue to publi'-h in the future. We are now receiving cir- 
culars and bulletins dealing with problems of groutinj^ and sealing with asphalt 
and road maintenance problems with the same material. 


F, E. Schiiilft, Editor in Chief, Enginccriny Xcz<^s Record, X. V. 

Dr, Kirschhraun, Director Research, Flintkoio Co., E, Rutherford, X, J. 

Dr. F. H. Rhodes, Professor, Industrial Chemistry, Cornell Universi y, Ithaca, 
X. Y. 

Dr, T. R, Briggs, Professor, Physical Chemistry, Cornell University, ItJuna, 
X. y. ' 

The aliove group of industrial scientists were consulted individually for the 
purpose of obtaining more detailed information on the comix>sition, nianufac ure 
and cost of preparing in Hawaii the water-soluble asphaltic emulsion which has 
recently become popular on some of our plantations. 

This asphaltic emulsion appears on the market in consistency about as heavy 
as a very thick paint. For use it is diluted with water until a free flowing liquid 
is obtained. Unlike oil paints, this preparation may be applied to wet wood or 
metals without the applied coat later peeling from the painted surface. Leaking 
wood flumes, for instance, may be repaired and painted without the necessity of 
first drydng out the lum1)er liefure making the application. The asphaltic emulsion 
will adhere to and make a veiy good job of covering on an old water-soaked plank. 

After the ajjpHed coat has become dry (5 or 6 hours), water thereafter has no 
more effect on it than it has on any other painted surface which has liecome dr} . 
For flume w’ork and timber treatment, calling for additions of water or oil soluble 
toxic chemicals to combat temiites and other insects, this t}q)e of paint is ideal. 

We learned that the compound is made by a patented process. Tar acid and 
cresolic fractions from by-product coke oven residues are added to naphtha solu- 
tions of petroleum asphaltic oils. Partial saponification of the tar acids in the mix- 
ture is secured by additions of strong soap (or alkali) and injection of live steam. 
The mixture then is ready for dilution with water, the product remaining indefi- 
nitely in a condition of perfect emulsification. 

The preparation of the compound in the Islands wrould involve some experi- 
mentation and perhaps a little difficulty wdth the patent rights of die manufac- 
turers. Its use lias not become extensive enough to warrant any further investi- 
gation at this time, although we have the necessan- information to liegin the ex- 
perimentiiig ivith its preparation. 

In May, 1929, ihe compound could l^e purchased for 16 cents a gallon in 20-ton 
lots, f . o. b. New York City, unretumable steel drums extra. 

Asphalt Groutixg for Plugging Subterranean Tubes and Fissures in 

Reservoirs and Dams 

We learned from C. A. Bock, vice-president, ilorgan Engineering Company, 
Da}’ton, Oliio, that hot asphalt grouting liad been successfully employ^ed for clos- 
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in^ large underground tubular leaks Hava tul)es) in reber\'oirs situated in former 
volcanic regions. 

VCe are corresponding with an engineer in Chicago, L. F. Harza, who has had 
charge of several large undertakings in this tyi^e of reservoir sealing. 

The scheme has l)een eniploxed with success against a stiff movement of water 
through the tubes to be plugged. A sim])le electric resistance device is used as a 
part of the delivery equipment which carries the hot asphalt to the channel ^vhich 
it is desired to close. 

On one of the Hawaiian plantations a very large reservoir, it appears, has been 
leaking excessively through underground channels. 1'he district is one where lava 
tubes ma} possibly be found. 

During the construction of the dam for this rescr\'oir two sump h 3 les developed 
which carried down a part f>{ the unconsolidated fill. Tn a short time the down- 
ward sinking of earth ceased but the movement may likely be indicative of sub- 
terranean tubes or channels. At the present time during ])eriods of low’ w^ater in 
the basin, extended longitudinal fissures may be seen in the dam at about the 
tw’enty-foot level. The openings in the fissures are, in places, as wdde as a man’s 
body. The fissures may or may not be connected w’ith any underground channels. 
The leakage in this reservoir has been estimated at l^etween ten to twenty million 
gallons per day. No trace of the leak has ever been found as appearing at the sur- 
face of the slopes below the dam. 

Considering the history of this structure, a systematic deterniinalion of seepage 
per day at various water levels and a careful and frequent examination of the dam 
and reseiwoir may result in the location of the larger leak'age channels wdiich 
apparently are contril)uting to the existing seepage. Plugging with asphalt or 
cement might then he accomplished. 

are prei^ared to furnish information on the manner of applying an asphalt 
grouting to subterranean channels, should it be desired. 


Seepage w^hen found in mainland reservoirs, of earth-bottom and sicle-w^all con- 
struction. is usually traced to the dam which impounds the w’ater. 

The use of asphaltic compounds as a seal against seepage, at areas in the reser- 
voir other tliaii the dam. is made secondary to the preservative effect that asphaltic 
oils have upon the w’ater, the inhilriting effect the materials have upon bacteria and 
to the value of asphalt in w’eed control from the rim of the basin to the low’ water 
level on the hanks. 

Since most of the mainland catchment projects are designed to impound w’ater 
for niimicipal uses, the contamination from fungous growths is sometimes con- 
trolled by periodic asphaltic oil treatment on the entire inner and upper basin. 
Asphalt is said to “sw’eeten” the water and to inhibit fungus grow’th. 

“W'eed control is maintained on the slopes and banks of reservoirs by spraying 
W’ith water emulsion of asphalt oil compoimds. The wide use for w’hich heavy 
asphalt is utilized may, however, be seen in the rip-rapping and sealing against 
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seepage on earth clams at the very large projects in southern California. The 
asplialt coating protects the soil in the dam from erosion due to rippling and \\ ave 
motion and it seals the Ivasiii at the point where seeps^e most usually develops. 
For the purpose only of sealing against seepage on artificial dams asphalt has 
been used in California with unquestionalile success. In this respect the mainlantl 
problems of water storage approximate the conditions we have in the Islands, not 
cuily on our dams, but due to our more or less open soils, by preference, on many 
of our entile liasins. careful study was therefore made of the methods in use 
l)y southern California cities in this work. 

The reason that a comparatively locali/ecl area was selected for a more specific 
study of asphaltic reservoir treatment was due solely to the fact that the develop- 
ment of the various processes of technic in use there far exceeded the methods of 
any other known group of cities or of municipal engineers. 

The methods employed will be described lielow and photographs will be showm 
which illustrate the procedure. 

In the early part of this discussion we took up the question of ‘‘granulation" 
of asphalt by its contact ivitli soil. Irrespective of the causes of this deterioration 
of the asphalt the process is delayed by the California primary reservoir soil treat- 
ment which is designed to kill weed and grass seeds. The deterioration process is 
further delayed after completion of the asphalt sealing operations by an oil spray- 
ing at yearly intervals on the banks of the reservoir above low w^ater. The sprai - 
ing is designed to circumvent the encroachment of weeds and seeds from outside 
sources. 

Before the application of the heav>' asphalt oils in a sealing treatment, the 
moistened soil on the inner surface of the reservoir or dam (or both) is sprayed 
with a low grade “Dieser* or fuel oil in an amount sufficient to cause a penetration 
of about 3 inches below the soil surface. One gallon of oil per square yard of 
surface constitutes a single application. Tw'O applications may be required to 
secure the 3-inch penetration. 

Following the first and successive oil applications the surface of the reserv’oir 
is harrowed wdth a Killifer scarifier. This operation is made in order to bring 
all plant seeds in contact wdth the oil, and also to insure and to secure thorough 
incorporation of oil and soil for the under asphalt foundation. 

This primary oil application serves another purpose, w'e think. It undoubtedly 
has the effect of retarding the granulation of asphalt which later is placed upon it. 
We examined treated reservoirs, one 5 years and tw^o 6 years after treatnrent. 
which still exhibited a pliable and solid asphaltic coating. 

It appears logical to assume then tliat die primary oil treatment breaks up the 
soil colloidal influences which tend to granulate the asphalt. Heavi" asphaltic treat- 
ment is next applied on the scarified soil. 

An application of oil containing 40 to 30 per cent asphalt is sprayed on fat 
250° F.) at the rate of one gallon per square yard of soil surface. 

The soil is again scarified and a final coating of oil containing 90 per cent 
asphalt is flow'ed on, one gallon per square yard, at a temperature of 400° F. 
After the final oil coating a layer of stone screenings, free from dust and passing 
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Fig. 1. Oiled reaeivoir, City of Los Angelos. 



Fig. 2. Asphalt tieatinent. Resoivoir, City of Los Angelos. General view. Bank 
on loft has had final npijlioation. 
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Fig. 3- Asphalt and oil treatment. Beriervoir, City of Los Angeles. After appli- 
cation of '‘70 per cent’' oil. 



Fig. 4. Aaplialt and oil treatment. Reservoir, City of Los Angeles. Appearance 
if. surface after final application of L3 (90-95 per cent) asphaltic oil. 




Pig. 5. Aaplialt treatment. First step in preparation of surface. Scarified to 3-iut‘li 
depth by cultivator. Followed by apj)lieatjon of <30 per cent asphaltic oil — one gallon 
per square yard. 



Fig. 6. Asphalt treatment. Afjier an application of 60 per cent oil, the surface 
is scarified and 70 per cent asphaltic oil is applied— «ne gallon per square yard. The 
surface is then rolled. (Roller shown ba operation.) After rolling, L3 ,*(00-95 per 
cent) asplialtic oil is applied as a finishing coat. 
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a ^’inch screen, is applied at the rate of 2 pounds per square foot of surface. 
The entire treated area is then rolled with a roller having a weight of 500 pounds 
per lineal foot of bearing surface. 

A finishing coating of the 90 per cent (asphalt) oil is usually applied as a 
surface dressing. In the Los Angeles District the final surfacing coat is left to 
the option of the city engineer. It is, however, generally applied. Figs. 1, 2, 3, 
4, 5 and 6, with descriptive captions, illustrate the asphaltic sealing operations in 
California. These prints Avere supplied through the courtesy of Norman H. 
Angell, at the San Francisco office of the Standard Oil Company of California. 

Idr. Angell kindly made an appointment for the writer by wire with J. F. 
Jeffries, manager of the Los Angeles office of his company. Mr. Jeffries made 
arrangements with Messrs. Oliver Lamson, A. C. Craig and B. F. Dupuy for the 
Avriter s inspection of seA'-eral reservoirs in the Los Angeles District as the guest 
of the Standard Oil Company of Califoniia. 

Details of asphalt treatment Avere observed at various stages during the process. 
Completed jobs were inspected which had l)een in service up to six years without 
any subsequent applications of heavy asphaltic oils. 

In company with Jklessrs. A. C. Craig and B. F. Dupuy the following reser- 
voirs Avere examined for the special features Avhich appear in the brief notes in- 
cluded in the description of each project visited : 

Pressure Break Rcsei‘z*oii\ Beverly Hills: 

Treated by “cultivating” into the soil of the reservoir a 40 per cent asi)halt oil 
at 2 gallons per square yard of surface. After rolling the treatment an additional 
coating of 90 per cent asphalt oil was applied and rolled. Tlie final applications 
of heavy oil Avere about to be applied in June, 1929. 

Stone Canyon Rcseii^oir, Ahoi^c Bcz^erly Hills: 

Built with hydraulic-fill dam. Ui>stream face of dam covered Avith solid 
asphalt. Banks of reservoir Avere treated hy the standard method of asphalt appli- 
cation as described in this paper. Apparently a very effective seal yr 2 iS secured. 

Enciiw Rcserz*oir, Los Angeles: 

This reservoir was irisited during the period that a supplementary oil applica- 
tion Avas lacing applied. The control of weed encroachment and the freshening 
of the previously applied asphalt coating on the dam and banks were the objectives 
of the supplementary application. In order to secure a better penetration of oil to 
the inner fibre of the weeds an aqueotis emulsion of two parts water and one part 
fuel oil AA’as used. The mixture Avas delivered to the pump which operates the 
sprapng dcArice from a power boat maintained at this reservoir. To prepare the 
simple emulsion tlie oil and water were simultaneously delivered from a tAvo-com- 
I)artment tank to a centrifugal pump in the bow of the boat. An operator on the 
reservoir bank directed the emulsion discharge from a hose line AA’hich was attached 
to the pump. 
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Weeds were destroyed by a single application of the eniulsion. The asphalt- 
treated l)ank was softened and renewed at the same time. 

The oil employed in this class of treatment was a thin fuel oil containing alxDut 
30 per cent asphalt. The treatment on this liasin was made by the standard prac- 
tice as described under Lippincott specifications. 

Lowr San Fernando Rcsen'oir, San Fernando, California: 

This reservoir has a capacity of 18,000 acre feet of water. It is closed by an 
hydraulic-fill dam which has remained intact through several severe quakes. 

The lower inner face of the dam is paved with concrete blocks. The upper 
surface has lately been rip-rapped with asphalt to save an undermining of the pav- 
ing which threatened to become serious. The reservoir proper has received the 
standard Lippincott asphalt treatment. The banks above low water liave received 
the yearly emulsion treatment which was described under the Encino Project. No 
trace of weeds or grass was found on any of the treated surfaces. A thick and 
unbroken coating of flexiWe asphalt i>ersisted on the dam facing despite the fact 
that five years had elapsed since the treatment had been applied. An opportunity 
was found to examine the outside (downstream) facing of the dam at elevations 
considerably below the water level in the lake. 

No seepage was found anywhere in the valley below the dam. Even at points 
below the floor of the reservoir the dam was dry and powdery and did not support 
vegetation. 

Kenneth Q. \’’olk, of the firm of J. B. Lippincott, Los Angeles, very kindly 
supplied us with tlieir siDecifications for treating reservoirs. A copy of the specifi- 
cations appears below : 

The oil used for asphalt treatment shall l>o ‘‘Gilmore Boad Oil" or an oil of equal 
quality. It shall be applied at a pressure of at least 30 pounds per square ineli by a 
X>rcs8urc spraying maehino which will bpiead the oil uniformly over the surface. Three 
applications of oil shall be made and not less than one gallon of oil per square yard of 
burfaeo shall be used for each application. After each application the surface shall bo 
scarified with a Killifer scarifier so as to si cure the maximum i)enetratiun. A minimum 
penetration of 3 inches will be required. Tor the flist application oil containing from 40 
to 30 per cent a8X)halt shall be nsed. I’or the second application oil containing from 50 to 
00 per cent asijhalt shall bo applied, at a temperature of not leas than 250* F. For the 
third application oil containing not less than 60 per cent or more than 90 per cent asphalt 
(the poreontago nsed being subject to the approval of the engineer) shall be applied at a 
temxjcrature of not less than 400* F. 

Before each iq)plication of oil the surface of the dam shall be thorouglhy sprinkled 
with water and the oil sprayed on while the ground is still wet. After the final appUea- 
lidu of oil, (1 layer of stone screenings which will pass a ^A'inch screen and free from dust 
shall be sxjread in sufficient quantity to secure not less than two pounds of screonings per 
square foot of surface. The whole face of the dam shall then be rolled with a roller hav- 
ing a weight of not less than 500 pounds i>er lineal foot of bearing surface. 

Mastic Ditch Lining 

Information on “flexible” ditch coatings with asphaltic bases was difficult to 
secure from the engineers in charge of the mainland operations which were visited. 
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The btaflf of the !McGraw-Hill Company and ^Ir. Hubbard, of the Asphalt 
Association, both in New York City, gave us infomiation on this topic, however, 
which we plan to use as a basis of experiment. 

The water soluble asphaLic emulsions or low-grade solutions of asphalt in fuel 
oil are worked into a stiff paste with Portland cement or powdered lime rock. 

(The term “plastic cement’’ as ap]Dlied to this type of coating was proba1)ly 
given to the mixture because Portland cement was used on the mainland in its 
preparation. The cement, however, does not function in these mixtures as it does 
in concrete. It is employed simply as a dispersing medium to check the fluidity of 
oil or asphaltic base and to act as a filler in the mixture. As a substitute for 
Portland cement, ptnvdered g}'i')sum or lime rock have been used with erpial suc- 
cess.) 

The prepared paste is applied hy hand to the ditch surface in a layer about 
Hi inches thick. In a few days it solidifies into a solid coating of horn-like sur- 
face consistency. Rapidly moving water will not tear it from its position, it 'is 
claimed. 

We propose to carry out experiments in Hawaii in preparing and laying a 
plastic ditch lining. .\s a substitute for Portland cement we shall pruljably attempt 
to employ a finely powdered coral rock. George Chalmers, Jr., manager of die 
W'aimanalo Sugar Company, has suggested that a veri' fine sand, which is avail- 
able on his plantation, may also be used in the ditch lining as a substitute for 
cement. 

The general details of the experimental program on canal and ditch lining have 
Ijeen formulated chiefly on die specifications secured from the J^taiidard Oil Com- 
pany of California. A copy of the sjjecifications follows: 

SPE(mCATiaY FOR ASPHALTIC CANAL LINING (AlASTIO DITCH LINING) 

General 

B<.i\ 1. (a) General Doacription of Bpeciflcatlons. This specifleution i-overa the con- 

^trui'tiou of an asphaltic canal lining and applies only when the materials used meet the 
requirements of the staudurdh siicciflcd. It is the intent and imrpoHc of this speeiheation 
to cover specifically the standards of materials to be used and the arrangement thereof in 
such a manner us to furnish a dense and compacted asphaltic canal lining and to a com- 
pacted thickness of one and ono-hulf (1^4") inches. This specification does not compre- 
hend the preparation of the subgrade, terms under which this specification is oxocuteil, 
nor anything extrjineons to the actual prei)a ration and construction of the asphaltic canal 
lining. 

(b) Oompoaition of Mixture. The asphaltic mixture shall consist of approximately 
76 per cent sand and approximately 10 per cent mineral filler uniformly mixed aud with 
approximately 14 per cent asphalt and laid to a compacted thickness of one and ono-hnlf 
inches upon the previously prepared bottom and aide slopes of the canal which 
shall previously be sprinkled with one-half (^a) gallon per square yard of two (2) per 
cent C^resoil. (Creaoil may be obtained through Howard and Beal, 112 3darket Street, San 
Francisco.) 

Materials 

Sec. 2. Sand, (a) The sand for the asphaltic mixture shall consist of hard, uu- 
coated, sharji, duralde grains, free from clay, loam or other foreign material. 
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(’ll) AVIien tested liy menna of hiliorotoiy screens, tJic sand .shall consist of one or 
more commercial imiducts and shall pjiss the openings of ji aiere having 10 meshes to the 
linear inch. 

Sec. 3. Mineral Filler. The mineral filler shall consist of thoroughly tliy Jiinestono 
(lust or Portland cement, free from c-lay, loam or other foreign materials, and when tested 
by mean*, of laboratory sieves shall meet the following requirements: 

I'^ussing 30 mesh sieve — ^100 iier cent 
Passing 200 mesh 8i(‘ve — ^not less than O.! ia‘r cent 
Hec. -1. Asphalt. The asphalt used under Ihe^e spec ific at ions bhall be Calol Asphalt 
Grade. It shall he homogeneous, free from water; shall not foam when heated to 
17.J® t’. (347° F,). It shall mei't the following requivemeiitB for physical and chemical 
pioperties: 

1. Purity. It shall he not Icbs than niuety-niuo (00) per ccMit soluble in cold 
carbon disulphide (C-S^a)* 

2. Penetration. The ])enetration at twenty *11 vo (2.1) degrees Centigrade (77° 
F.) 100 g. 5 bCe. shall he hetwetn the liiuils of four (4) millimeters and bix (0) 
niillimoters. 

3. Bnctility. The ductility at tAvonty-ftve (2o) degiees Oeutigrade (77“ F.) 
bhall be not leas than 100. 

4. Volatility. The loss on heating at one hundred 8i\ty-three (163) degrees 
Centigrade (32,'i° P.) for five hours, shall noi be more than one p(T cent Penetration 
for the rcbidue of tweiity-tivo (2.'S) degiees C'entigriule (77° F.) 100 g. o sec. shall 
not be less than fifty (oO) per cent of the original xionetration. 

5. Plash Point. The flash iwint shall not be less than one hundred seventy- 
five (175) degrees Centigrade (347° F.). 

C. Soluhllity. The solubility in cold carbon tetrachloride (f^^O shall not be 
less than nhiety-nino (99) per cent. 

Ree. 5. Methods of Testing. ^lethods of t(»sting shall be as follows: 

(a) Sand: 

1. Sieve test for sand, Standard iretliod D7-1S, American Scu-iety for 
Testing ^Materials. 

(b) Mineral Ffller: 

2. Sieve test for mineral filler, Hlnndard Method D7-1H. American 
Society for Testing Materials. 

(a) Asphalt: 

1. Rolubility in carbon disnlidiide (CS2) Standard Test, DF-ll, 
American Society for Testing Materials. 

2. Penetration, Standard Test D3-16, American Society for Testing 
Materials. 

3. Ductility, Tentative Teat D113-21T, American Society for Testing 
Materials. 

4. Volatilization Test. Standard Test D6-20, American Society for 
Testing Materials. 

3. Flash Point (Open Cup). F. S. Dept, of Agriculture, Bulletin 314, 
page 17. 

6. Solubility in carbon tetrachloride (GC14) U, S. Dept, of Agiicul- 
turc Bullolin 314, page 30. 

PBEPABATION AND COMPOSITION OF MTXTITBE 

Sec. 6. Preparation of Asphalt. The asphalt shall be heated in kettles or tanks de- 
signed to secure uniform heating of the entire contents, and shall be brought to a tem- 
perature of 200° F. to 300® F. 

See. 7. Preparatton of Sand and Mineral PlUer. (a) The sand for the asphaltic 
mixture shall lie thoroughly dried and heated to a temperature of 300 to 330° F. When a 
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mixture of two or mor(‘ saiuls is rcquurd iii outer 1o pioduec ii material conforming to the 
rcquirementa <»f Hoc. 8, such combination shall be made either l>efore the sand is fed into 
the drier ur I)}' Kiinultaneoualy feeding the individual sands into the diier in proper pro- 
portions. 

(bj The mineial tiller for the asphaltic mixture shall l)e stored Ropnrately and shall 
not be heated with the sand but shall be thoroughly mixed with the sand for from ten (10) 
to fifteen (15) seconds before the asphalt is added. 

8cc. 8. Preparation and Oomposltion of Asphaltic Mixture, (a) The sand for the 
asphaltic mixture shall be measured separately for each batch. The mineral filler shall be 
added from sacks of definitely known weight. The sand and mineral filler shall be mixed 
in accordance with the quantities and sizes shonn iu Sec. 8 (b). The required quantity of 
hot asphalt for each batch shall be meahured by actual weighing with scales attached to 
the asphalt bucket. The mixture shall be made in an approved mixer by first charging 
with the sand and the mineral filler, and then adding the asphalt. It is the intent of 
this specification to provide for thoroughly mixing the sand and mineral filler with asphalt. 
Such a mixture can be secured in an approved mixer in api)roxiiiiately one (1) minute. 
■Where a homogeiicons mixture in which all particles of sand and filler are uniformly coated 
ib obtained in less than one (1) minute, the time of mixing may bo varied at the direction 
of the engineer. 

(b) The constituents of the asphaltic mixtuie shall be combined in such proportions 
as t(» produce u mixture conforming tv'* the fcdlowiug compoaition limits by weight: 
I'nssing a sieve having II) meshes to the linear inch, retained on 

a sieve having 10 meshes to the linear inch 20 to 40 per cent 

Passing a sieve having 40 meshes to the linear inch, retained on 

a sieve having RO meshes to the linear inch to 50 per cent 

Passing a sieve having 80 inches to the linear inch, retained on 

a sieve having 200 mcslu^ to the linear inch 15 to 25 i)er cent 

Passing the 200 mesh sieve 10 to 15 per cent 

Asphalt 13 to 15 per cent 

The ] proportions shall be varied within the limits designated us directed by the engineer. 

Bee. 9. Paving Plant Inspection. The engineer or his authiprized rc]*resentatives 
shall have access at any time to all parts of the planl for the verification of weights or 
proportions and character of materials, and determination of temperatures used in the 
l*roparatioii of the mixture, 

Bee. 10. Transportation of Mixture. The asphaltic mixture shall be transported from 
the plant to the work in tight conveyances previously cleaned of all foreign materials, 
and when directed by the engineer, each load shall be covered with canvas or other suit- 
able material of sufficient size to protect it from weather conditions. In ease oil is used 
to prevent the adhesion of the mixture to the bed of the conveyance, an excess of oil 
shall not 1)6 permitted. No loads shall be sent out so late in the day as to interfere with 
spreading and compacting the mixture during the daylight unless artificial light satisfac- 
tory to the ciiginocr is provided. 


CONSTRrCTTON 

Sec. 11, Qresoll Application. A two per cent solution of cresoil shall be applied at 
the rate of uue-half (^^ 2 ) gallon per square yard upon the previously prepared bottom and 
side slopes of the canal. Sufficient time shall be allowed for the penetration of the cresoil 
before the application of the asphaltic mixture. 

See. 12. Placing Asphaltic Mixture. Prior to the arrival of the asphaltic mixture 
on the work the prepared base and sides shall be cleaned of all loose and foreign materials. 
The mixture shall be delivered at temperature of 275 to 325* P. Upon arrival on the work 
it shall be at once uniformly spread by means of shovels, forks, or mechanical spreaders 
iu a loose layer and raked to correct depth over the area designated by the engineer. 
No mixture shall be spread when the base is wet or when weather conditions are unsuitable. 
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^ec. 13. CompacttQg Mixture, (a) 'While still hot the asphaltic niKiurc shall he 
thoroughly and uniformly comiirossod u^ith hand roller as aptiroTod hy the engineer. In 
tolling the aide slopes the rollers slmll he drawn uj) the slope over tho loose asphaltic 
mixture, and no rolling dowTi tho slope shall be permitted until tho roller has iniide at least 
tme trip up the slope over the loose asphaltic mixture. Bolling shall continue at right 
angles to the center line of the canal overlapping on successive trij[>s by at least one-half 
tho width of the roller, until suitable compaction is obtained. The motion of the roller 
bhall at all times be slow enough to avoid displacement of the hot mixture, and any dis- 
placement occurring as the result of the reversing of the direction of the Tolb*r, or from 
any other cause, shall at onco be corrected by the use of rakes ami of fresh mixture when 
required. The wheels of the roller shall be properly moistciUMl to prevent adhesion of the 
surface of the mixture to tho i oiler, but an excess of water or other miiterials for this use 
shall not bo permitted. 

(I)) Along headers, joints, structures^ and places not accessible to the roller, the 
asjdialtic mixture shall be thoroughly compacted with hot tauiirers to produce sealed joints. 

(c) The surface of the mixture after coiuprcHsioii shall bo true to the estublishcd 
grade. Any mixture which during eoustruetion lieeomes loose or broken and mixed with 
dirt or in, any way defective shall be immediately remedied by removing the UH])hnltic 
mixture at such Bi)()ta and by leplacing it with hot fresh asphaltic mixture, which shall be 
immediately compacted to conform with tho surrounding area. 

Sec. 14. Joints in Surface Oonrse. The ])lacing of the asphaltic mixture shall be as 
neaily continuous as possible, and the roller shall pass over the xinprotected end of the 
freshly laid mixture only when the laying is to bo discontinued for such a length of time 
as to permit the mixture to become chilled. In such cases iirovisLon shall be made for 
proper bond -with new asphaltic mixture by cutting or trimming back the joint while the 
material is still hot, so as to expose an unsealed or granular surface for tho full specified 
depth of the mixture. At the end of each day’s work, joint shall bo formed by laying and 
rolling against boards of the IhickiiPfls of the compacted mixture, or by such other methods 
as may ho approved by the oiiginecr. When the laying of the asphaltic lining is resumed, 
the exposed edge of tho n joint shall be painted with a thin coat (»f hot asphalt and fresh 
mixtuie shall l)e rakod against the joint, thoroughly tamped with hot tampers and rolled. 
Hot smoothing irons may be used for sealing joints, but in such cases cxtrLMUc care should 
be exercised to avoid overheating the sui-faee. In cases where joints are made between 
the asphaltic mixture and other structures or linings, the exposed edge of these structures 
or linings shall be painted as si)ccifled above. 

Sec. 15. Protection of Lining. Where the transverse edge of the asphaltic lining 
does not terminate against other structures or linings, this edge shall be curved and buried 
to a depth of one foot below tho surface of the lining. Sections of newly compacted 
asijhaltie lining shall be protected for at least six hours, or until the asphaltic mixture has 
become properly hardened by cooling. 
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Gumming Disease of Sugar Cane 


By J. P. Martin 

Under the guidance of D. S. North, pathologist, Colonial Sugar Refining Com- 
pany, Ltd., Sydney, and A. F. Bell, pathologist, Bureau of Sugar Experiment Sta- 
tions, Department of Agriculture, Brisbane, the writer had an opportunity, during 
1929, to study the diseases of sugar cane occurring in Australia. It was possible 
to observe the major cane diseases such as gumming, leaf scald, Fiji disease, and 
downy mildew under field conditions and also to become familiar with their diag- 
nostic symptoms. Many of the minor cane diseases also were noted and studied in 
the fields visited both in Queensland and in New South Wales. 

Gumming disease is considered one of the oldest diseases affecting sugar cane 
and has often been a subject for discussion in the literature. The object of this 
paper is to discuss gumming disease in detail presenting the geographic distribu- 
tion and history of the disease, the diagnostic symptoms used in recognizing the 
disease and the measures now employed for its control. 

Gumming disease was much more severe in New South Wales than in Queens- 
land ; in fact, all studies conducted on the disease were carried out in New South 
Wales in association with Mr. North, to whom we are indebted for our recent 
knowledge on the transmission of the disease. To mention a specific example of 
the seriousness of gumming, Mr. North pointed out that the disease started in the 
cane fields in the I^chmond River district alx)ut 1919. During the next four or 
five years severe crop losses resulted and it was quickly learned that such desirable 
commercial varieties as Badila, Mahona and M 1900 could not be cultivated 
profitably because of llieir susceptibility to the disease. These susceptible varieties 
were replaced with inferior commercial varieties, sudi as Malabar (Yellow Cale- 
donia) and H. Q. 5. The disease has been greatly reduced through the substitu- 
tion of resistant varieties. A loss in sugar per acre followed the substitution, and 
North (16) lias stated, “Every individual grower is contributing a large portion of 
his income annually in the shape of diminished crop returns from the inferior but 
resistant varieties.” The cane growers in New South Wales are permitted to plant 
only approved canes, a list of which is published at intervals by the Colonial Sugar 
Refining Company, Ltd. This list includes those commercial varieties that are 
resistant to specific diseases in the different districts. X cane variety may be 
planted in one locality but not in another simply because gumming may not be a 
problem in one district, while it is a serious problem in another. This rigid system 
is largely responsible for the present control of cane diseases in New South Wales 
and the growers fully appreciate the merits of the system. 

Prior to 1912, gumming disease was a serious menace in Fiji, according to Mr. 
North, but with the adoption of certain definite control measures the disease has 
rarely been observed since that time even though susceptible varieties are still be- 
mg grown. 
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Geogr vphic Distribution and History 

According to the literature giunming disease now occurs in the following sugar 
cane countries : Brazil, Mauritius, Australia, Fiji. St. Kitts, Porto Rico, St. Lucia. 
Colombia and Guadeloupe. It lias also been reported as occurring in Java, Bor- 
neo, New Guinea and Argentina by the late Erwin F. Smith but confirming eid- 
dence regarding its presence in these countries is lacking. 

In Java, and proliably Borneo, the disease once thought to be gumming has been 
definitely shown by Wilbrink (20) to he leaf scald disease. Leaf scald disease is 
known in Java as “Gomziekte" and for many years there existed a great deal of 
confusion regarding the identity of leaf scald or gomziekte and the Australian 
gumming disease. Both North (13) and Wilbrink (20) have shown that these 
diseases are distinct. The present status is that the Java gumming disease as de- 
scribed by Wilbrink is identical to that of leaf scald disease which has been de- 
scrilied independently by North (13) in Australia. Australian gumming disease is 
not known to exist in Java. 

Many varieties of Saccliantin officiuarum are affected with the disea&e. Tno 
varieiies of 5. shmisc liave proved susceptible to artificial inoculations. The 
earliest record indicates that the disease originated in South America, but since 
sugar cane is not indigenous to that count^}^ it is maintained by some investigators 
that the original host may have lieen one of the large grasses of South America 

Gumming disease has l>een reported under the following names : Cobb's disease 
of sugar cane, Giunmosis, Gomosis, maladie de la gomme, and gum disease. The 
first audientic record of the disease was by Dranert, in 1869, whose observations 
were made in the sugar region of the province of Bahia, Brazil. Dranert (9) 
stated that the disease had been epidemic for the preceding six years and that it had 
been recognized as a distinct disease for a much longer period. The disease was 
finally controlled by replacing the variety Otaheite with Cavengirie which is not 
immune but is highly resistant. Dranert (9) was the first investigator to find and 
associate bacteria as the causal agent of the disease. He observed liacteria in the 
gum or exudate and considered these organisms to be the cause of die disease. The 
following is a translation by Erwin F. Smitli (18) of a portion of Dranert 's work: 

Ou the contiary, as on infallible sign of the disease theie aiipears in the fiist place 
a led stain in the wood and the surrounding eambium tissue of the nodes. As the disease 
progresses this stain spreads in the same bundles through the whole shaft of the eane, 
while the p«uenehyinn for a time retains its natural eleainess. In the fully developed 
disease a yellow, thick fluid substance flows out of the bundles. This substance haiilens 
in the air, but dissolves in water, and uiulei the microscope, with veiy high mngnifleu 
tions, is seen to have only n granular structure. When dissolved in water one can make 
out veiy minute cells lying in amorphous heaps, or attached to each other in necklace 
fashion. 

There is no question but that the Brazilian disease studied by Dranert u-as the 
same disease subsequently described in Australia by Cobb (7). 

Cobh (6) observed the disease in 1893, in the Clarence River district and also 
in the Richmond River district in New South Wales. According to his ohset-va- 
tions at that time gumming was very prevalent and serious crop losses occurred. 
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Cobb was able to trace the first appearance of the disease to 1876 in the Lower 
Clarence River district; and he also reported the occurrence of the disease in 
Queensland, 1893. In 1895, Tryon ( 19) talked with a number of persons who re- 
called having seen the malady two years earlier, one of whom having seen it as 
early as 1884, in a cane variety known as Rappoe in Queensland. 

The first authentic detailed description of the disease and the identification of 
the causal organism was by Cobb (6). He named the disease “gumming of sugar 
cane” and the organism Bacterium vascidarum. He did not use pure cultures in 
reproducing the disease but his inoailations were direct, that is, healthy canes were 
inoculated with the fresh gum taken from the ends of freshly cut vascular bundles 
under aseptic conditions. Cobb s studies on this disease have served as a basis for 
subsequent descriptions and his conclusions regarding the aetiology of the disease 
were later confirmed by Greig-Smith (10) and Erwin F. Smith (17). Cobb failed 
to observe and describe the streaks on the leaves as a symptom of the disease. 

Boname (4), in 1894, reported Cobb's gumming disease as common in Mauri- 
tius on a variety called La Canne Bambou (Bamboo cane), and considered it to 
l)e their most serious local cane disease. A correspondent of Sugar Cane (1) in 
1894, at Pernambuco, Brazil, described a serious disease of cane and from his de- 
scriptions it appears that the unknowm disease w^as undoubtedly gumming. He 
described the formation of gum, the discolored vascular bundles, the early dr34ng 
of the leaf tips followed by the premature death of the cane ; the canes which did 
not die failed to 3 neld ratoons and the juice of diseased canes was extremely dif- 
ficult to crj'stallize. The nature of this disease was not explained and the varieties 
attacked had been under cultivation for many years. The two varieties, Otaheite 
and Creole Avere highly suscq:)tible and the correspondent advanced the theory tliat 
these varieties were “running out.” Others were of the opinion that the condition 
was due to depleted soil, but these varieties even failed on rich virgin soil. Since 
no cure of the disease could 1>e fomid these two varieties were discarded, and re- 
placed with introduced varieties of foreign origin. The new canes were not at- 
tacked and tills particular case is one instance where an unknow'ii disease was con- 
trolled by substituting what proved to lie resistant varieties for the susceptible ones 
without knowing the nature of the trouble. 

Greig-Smith (10), in 1902, published a paper in Australia on “Gummosis” of 
sugar cane. He isolated the pathogen and described its grovth on various ailture 
media. From his studies he concluded that the gimi in diseased canes was of 
bacterial origin and not a secretion of the host plant. Tlie gum produced on tlie 
surface of cane-gelatin or agar media was identical with tliat found on freshly cut 
surfaces of affected stalks. 

In 1904, Smith (17) published the results of his carefully planned experiments 
with gumming disease. He used pure cultures for his inoculation studies w^hich 
w’ere conducted in the greenhouse at Washington, D. C, He stated that he had 
never seen the disease in the field. His conclusions verified the fact that Bacterium 
zmsciilarum (Cobb) Greig-Smith, was the causal organism and fully confirmed ihe 
results of the work of previous investigators. 

Cobb s (8) third report, wliich appeared in 1905, on gumming of sugar cane 
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merely restates the findings of Smith, Greig-Smith and his own determinations 
in relation to the disease. 

In 1914, Smith (18) fully reviewed the early literature on the subject and de- 
scribed his previous investigations, these having been carried out much further 
since 1904. Most of our exact knowledge of the disease is due to the outstanding 
work of Smith. 

As stated above the disease was first reported in Brazil, then in Mauritius and 
later in Australia. From studying the early records regarding the spread of the 
disease it is quite evident that the disease was carried from country to coimtry in 
cane cuttings. In 1869, a shipment of cuttings was sent from Brazil to Mauritius 
and in all probability some of these cuttings were taken from cane districts where 
gumming disease existed since the disease appeared in Mauritius the following 
year. The disease made its way from Australia to Fiji through cuttings due to the 
free interchange of canes at that time. This information merely points out the 
ease with which the disease may be spread through the importation of foreign 
canes. 

The disease was identified by Matz (11) in Porto Rico, February, 1920. He 
pointed out that the disease may have existed to a limited extent the previous year. 

Ashby (2) reported tliat the disease was first noted in 1925 in St. Kitts and St. 
Lucia, British West Indies. 

Chardon and Toro (5) found the disease present in Colombia in 1926 and they 
considered it to have been prevalent there for many years. It had probably been 
introduced from Brazil, where it was a serious malady as early as 1869. 

Williams (21) reported that a survey made March, 1929, showed that the cane 
variety Ba. 11569 on plantations in Guadeloupe was generally affected with gum- 
ming disease and tliat tliis w*as the first record of its occurrence in the island. 

Description 

Smith (18) presents a concise description of gumming disease, as follows: 

The most conspicuous signs of this disease aie dwaiflng, striping of the leaves, dying 
of the tops, decay of the heaii: (terminal bud}, and the appearance of a yellow slime or 
gum in the bundles of tho stem and leaves. Many of the bundles aie also stained red. 
Mieroscopie examination shows that this gum eontaius millions of bacteria. Cobb and 
Boname agree that there is also a rednetion of the sugar content. 

The disease is primarily one of the vascular system but in advanced stages the 
parenchyma is attacked, especially the soft tissues just below the terminal bud, and cavi- 
ties are foimcd which are filled with tho yellow bacterial slime. Bometimes these cavities 
contain as much as a teaspoonful of the alimo. In tho later stages of the disease, tho in- 
terior of the leaf sheaths is rusty brown and covered with the sticky bacterial slime, which 
is also sometimes seen oozing fiom other portions of tho leaf. This slime oozes from the 
stomata. 

The appearance of the leaf streaks is the most useful symptom in detectii^ the 
earliest stages of the disease in the field. These symptoms are readily recognized 
on the young plants affected with the disease. The disease is confined to the older 
leaves and the symptoms seldom occur on the five j'oungest leaves. The streaka 
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are yellowish in color, often containing reddish-brown spots or blotches, varying 
from to 3/16 inch in wddth, while their lengths vary with their age and develop- 
ment. The streaks are frequently one-half the length of the leaf. The streaks 
may develop any place on the leaf depending upon where the primary infection 
takes place, traveling lx)th upwards and downwards in a well-defined line follow- 
ing the course of the vascular bundles. The affected tissue in the older streaks 
becomes brown or ashy in color and to inch wide. The streaks taper off 
at each end and become a yellow or yellowish brown color. Occasionally the 
streaks appear on the upper half of the cane leaf and run out at the leaf tips or 
margins. Such streaks are more pronounced on leaves of susceptible canes fol- 
lowing periods of wet w eathcr but may disapi^ear almost entirely during periods of 
dry weather. Several streaks may develop on the same leaf and in badly affected 
fields the cane has a dried appearance due to the amount of dead tissue at the tips 
of the leaves. 
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Fig. 1. Exudation of gum on freshly cut 
snifa'^e of diseased stalk. Broadwater, N. 
ft. W. (Photo by J. P. Martin.) 

Gumming disease when confined to the leaves does not cause the losses which 
occur when the disease travels down the leaf blade, through the leaf sheath and 
into the growing stem ; this condition is known as the systemic form of the disease. 
Stalk infection or systemic development varies with the variety and the growing 
conditions of the cane. In case the leaf S3rmptoms disappear no external signs are 
present and the stalk may harbor the disease for 12 to 18 months. In such cases a 
cane may appear healthy, although it is diseased and plants grown from cuttings 
from such stalks may develop the disease. 
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The systemic form may slightly depress the growth of the young cane while 
in old stalks the stunting of the growth is much more severe, the leave*> become 
narrow, and the stalk in time becomes noticeably shortened or tapered toward the 
growing point. Following systemic infection the tops may die and a top rot may 
result 

The outstanding diagnostic symptom of systemic gumming disease is the exuda- 
tion of a yellowish to orange-red slime that quickly forms on the surface of fresh- 
ly cut ends of affected stalks as shown in Fig. 1. Excellent colored plates showing 
gum exuding on cut ends of affected stalks were published by Cobb (8) in 1905. 
Another excellent colored plate showing the presence of the streaks on the leaves, 
lysigenous cavities in the stalk and the beads of gum exuding on the cut ends of an 
affected stalk appears in a publication by Bell (3) in 1929. With stalks slightly 
affected the test for gumming is made by immediately placing fresh ciittiiig*^ in a 
vasculum, or closed container, thus subjecting it to a high humidity for 30 to 60 
minutes. At the end of this period small beads of gum may be observed on the 
cut ends. Gum frequently may be obtained from affected leaves by subjecting 
them to the “sweating” process. If a container is not available in the field to make 
the test for the presence of gum, a small piece of cane stalk may be placed inside 
of one’s hat which is then replaced on the head for a short time. 

If no gum forms from the “sweating” treatment and no red bundles are visible 
and a variety is still under suspicion a more complete test may be made by planting 
cuttings from suspected stalks. After 4 or S weeks these cuttings are removed 
from the soil and all discolored tissue carefully cut away. The cuttings are then 
cut into several short pieces and subjected to the “sweating” treatment. If no 
exudation of gum appears with this treatment, one may feel satisfied that the origi- 
nal canes were free from the disease. 

The gum when examined under the microscope, is found to contain ni>riads of 
rod-shaped bacteria. As mentioned before, the giuii is formed by the countless 
numbers of bacteria and is not secreted by the host plant. The bacteria frequently 
invade the parenchyma tissue near the growing point and cause a rapid l^reaking 
down of the tissues giving rise to lysigenous cavities or “gum pockets.” W^en 
affected stalks are split longitudinally these “gum pockets” are found to vary con- 
siderably in size. The cavities are filled with a gummy mass and often such 
pockets contain practically pure cultures of tlie organism. In later stages of the 
disease the tissues of the leaf sheaths frequently become a rusty brown color and 
are covered with the sticky bacterial slime. 

The gum is soluble in water, but insoluble in alcohol; Cobb (8) referh to it as, 
‘ a yellovdsh, non-crystalline, viscid substance having an almost imperceptible acid 
reaction.” 

Tissues Affected 

The presence of the disease in the stalks is manifested by reddened vascular 
bundles* especially at the nodes. The disease is largely confined to the vascular 
sjretem, the vessels of the xylem gradually becoming filled with the bacteria. (See 
Figs 2, 3, 4 and 5.) The phloem is less frequently affected. The development of 
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the organibiii in the plants results in a clogging of the conducting tissues, the 
normal functions of such tissues being greatly impaired. 

Descriptiox of the Cal sal Organism 

Eru in F. Smith and others have very carefully described the causal organism, 
Dactcrium vascularum is a short rod, 0.4 x 1-1.5 microns, motile, with a single 
flagellum ; no spores have lieen obser^’^ed ; it is gram positive (but difficult to stain) ; 



Fig. S. (*rC)8s-section of cano leaf affected witli gumming, showing Imcteria 
and gum in both xylem and phloem x 370. (Pliotomierograph by D, M, Weller,) 


pseudo-zoogloeae are foniied. It is readily cultured on most nutrient agars. ^Vhen 
liTrown on standard nutrient agar the colonies are pale yellow, smooth, and shining. 
The organism is strictly aerobic so far as known ; optimum temperature, 30® C. ; 
growth retarded at 35® C ; thermal death point 49-50® C. It does not form gas, 
forms no add, does not reduce cane sugar and does not reduce nitrates to nitrites. 



Tr^vksmission 

North, in recent studies yet unpublished, has shown the ready transmission of 
the organism from plant to plant dunng wet Aveather, espeaally if accompanied by 
winds. Wind causes a considerable amount of mechanical injury to cane foliage 
due to the serrate edge of one leaf coming in contact with the flat surface of an- 
other leaf. During wet weather the gum or exudate oozes freely from diseased 
foliage and is transferred from leaf to leaf, and stool to stool piincipally by leaf 
contacts. The organism gains entrance through the fresh wounds. The organism 
IS imable to penetrate the normal or uninjured cuticle of the leaf and seldom enters 




Fig. 3. An enlaigement of the bundle in Fig. 2, aho-wing in greater 

detail the discoloration of sylem and pliloem due to the occlusion of these tissues 
by the gum and masses of baeteim, s 60.3. (Pliotomiciogiaph by D. M. ’Weller.) 

through old wounds. T3rpical leaf streaks may be observed some two to four 
weeks after infection. The presence of moisture on the leaves is essential for the 
spread and development of the disease Hgbyv dews, which often occur during 
comparatively dry \vealher, are responsible for a certain amount of spread of the 
disease. 

North has concluded tliat sucking cane insects are not important in general as 
agents of transmission, although they may occasionally act as medianical carriers 
and may carry the disease for long distances. 

The bacteria may be carried by farm implements, especially on cane knives and 
since the organism is moderately resistant to desiccation it is very probable that 
the disease is carried from field to field in this fashion. 


Control of the Disease 

Like all bacterial diseases, gumming presents a complex problem and few con- 
trol measures, other than resistant varieties, have proved effective. Farm iniple- 
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ments, caiie kiiives, etc , may be treated with an effective disinfectant solution, or 
exposed to the direct sunlight for short periods before being taken to healthy fields. 
Roguiiig is impractical owing to masking of the s3aiiptoms. Individual stalks for 
examination in the fields should be broken off instead of being cut from the stool ; 
this prevents the spread of the disease by knife infection as the same knife may be 
used during the next five minutes on a healthy stalk which may become inoculated. 
Preventing the movement of laborers and animals from field to field during ivet 
weather may lessen the spread of the disease. Both in Queensland and New 



Fig. 4. Longitudhial seehon of an infected bundle, bliowlng the disoTganiza- 
tion of the tissues and the beginning of a lysigtnoua cavity at i.. x S70. (Photo 
miciogiQph by D. M. Weller.) 

South Wales the disease is less severe on well-diained land than on poorly drained 
areas. 

The greatest success in controlling the disease has been obtained by the use of 
resistant varieties. A slight reduction in yield may result should the resistant 
variety be commerdally inferior to the susceptible varieties, but when it is pos- 
sible to have a loss of 60 per cent or more from the disease this reduction is not 
so serious ; the surrounding fields of susceptible canes are also protected. 



Since rebihtant varieties may be diseased and yet exhibit no external symptomai 
of gumming, it becomes essential to subject all introduced canes, upon their arrival, 
to contact planting with susceptible commercial canes of the importing country. 
Such tests should be conducted only under strict quarantine. Since the immersion 
of diseased cuttings in hot water for one hour at 52° C. results in the death of the 
organism, the hot water treatment of cane cuttings practically assures the elimina- 
tion of the disease. The advantage of subjecting imported canes to such a pre- 
cautionary treatment is self-evident. 
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Pig. 3. Longitndinfll section of cane leaf affected with gumming diseabe, 
showing the bTeokiug dowu or diaintegration of the tisaue in the sylem. x o65. 
(Photomierograph by J>. M. Weller.) 


Cake V\rieties in Relation to Gumming 


Under the direction of Mr. North the new cane varieties, in some localities, are 
often planted in bad gumming areas and witliin one season the highly resistant 
ones to the diseases are easily selected, as sho^vn in Figs. 6, 7 and 8. Only the very 
resistant varieties are tested for their agricultural value. Several of such gum- 
ming test plots were visited. In some cases all the plants of a susceptible variety 
were killed outright while adjacent resistant varieties remained healthy. 
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Pig. 6. Caue vaiieties m i elation to gamming disease, showing a 
snaeeptible variety (left) as compared 1o a resistant variety (right). 
Bioadwater, N. R. W. (Photo by J. P. Martin.) 



!F^g. 7. A susceptible variety badly attacked with gamming dis- 
ease iriiowiiig scarcity of healthy leaves and sparse growth. Broad- 
ATater, N. B, W. (Photo by J. P. Martin.) 
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!Fig. 8. Testma new varieties for gtunming ro- 
sistanee. The variety in the foreground has been 
eomplotely killed, wliUe the variety in the baek^ound 
shows a high degree of resistance to the ^ease. 

Bioadwater, S. W. (Photo by J. P. Martin.) 

The following is a list of canes classified according to their resistance to gum- 
ming disease which was compiled by Mr. North: 


Highly Ecsistant 

Moderately or Commeicially 

Susceptible 


Resistant 


H. Q. 3 

Innis 131 

Bose Bamboo 

Q. 813 

N. 0. 16 

D. Dupont 

Malabar (YeL Cal.) 

D 1185 

Lahaina 

N. G. 14 

BadUa 

H 109 

Korpi 

Mahonu 


Oromboo 

M 1900 


Nanemo or Bogela 

H 227 



China 

ITba 

SuaillATlY 


1, Gumming disease is considered one of the oldest maladies affecting sugar 
cane. Severe losses have resulted from its introduction into countries growing 

commercial varieties that have proved susceptible. 
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2. Through ihe importation of diseased cuttings the disease has been spread 
irom one cane country to another. It was first recognized in Brazil in 1869 and 
now occurs in nine different sugar cane countries of the world. 

3. The dwarfing of the plants, striping of the leaves, d3ring of the tops, red- 
dish bundles in the stalk and the appearance of a yellowish slime or giun on freshly 
cut surfaces of affected stalks are the conspicuous symptoms of the disease. 

4. The gum or exudate is formed by the bacteria and is not a secretion of the 
host plant. The gum is sticky, soluble in water and is found to contain innumerable 
rod-shaped bacteria. 

5. The transmission of the organism occurs mainly during the wet season and 
spreads largely by leaf contacts. The organism gains entrance only through fresh 
wounds. Leaf wounds are formed commonly during wind storms. The presence 
of moisture on the leaves is necessary for infection of the host and development 
of the disease. 

6. North has concluded that sucking insects are not important as specific 
agents of transmission although they act as mechanical carriers and may transport 
the organism for long distances. The bacteria may also be carried on farm imple- 
ments, cane knives, and animals. 

7. New cane varieties should be tested as soon as possible in order to deter- 
mine their resistance to the disease. 

8. The most effective control has been secured through the substitution of 
resistant varieties. Disinfection of cane knives and implements is also recom- 
mended. The immersion of diseased cuttings in hot water for one hour at 52° C. 
is very effective in killing the organisms. Such a treatment given to all newly im- 
ported cane cuttings would largely eliminate the chances of introducing the disease 
into a country. 
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Iron Sulphate Spray for Coral Chlorosis 

EWA PLANTATION COMPANY 
EXPEBIMENT 1, 1929 CROP 


By R. E. Doty 

This experiment was conducted cooperatively by the Ewa Plantation Compaii}^ 
and the Experiment Station, H. S. P. A. This test was in Field 9A, situated in a 
bad coral area. The layout consisted of eleven watercourse plots of irregular size. 

This experiment was harvested previously, for the 1928 crop, and reported 
by J. A. Verret in the Planters^ Record, Vol. XXXII, pp. 180-182 (April, 1928). 

A review of the results of the prerious crop is given herewith. 

The 1928 crop received one spraniig with a 5 per cent solution of iron sulphate 
at three months of age. It was harvested on January 6, 1928, at the age of 21.5 
months wth the following yields : 


Yields — ^1928 Crop 

Aiitli. Average — Adjacent Plots 


Cane 

Q.E. 

Sngar 

Ii ou spi uy 

84.12 

9.99 

8.42 

Xo sprav (base) 

7.1.11 

9.97 

7.33 

Gain or loss for sprayed plots 

. . -4-11.01 

—0.03 

-i- 1.03 

Per cent gain or loss for sprayed plots . . . 

. . -f 13.00 

—0.20 

+li.87 


A 15 per cent gain is noted in favor of the spraye«l plots. 

The short ratoons harvested in 1929 show a much greater gain (35 per cent), 
as is given in detail in this report. 

The cane was H 109, second ratoons, short, and was 17.4 months old when liar- 
vested on Jmie 18, 1929. The crop was started on January 6, 1928. It received 
two spra3nngs with a 5 per cent solution of iron sulphate, tlie first on February 10, 
1928, at the age of 1.13 months and the second on ^larch 16, 1928, at the age of 
2,3 months. 

The labor for the first spraying was at the rate of 0.455 man day j^er acre and 
the iron sulphate cost 20 cents per acre. 

The second spraying took twice as long and used twice as much material. Total 
cost of the two sprayings amounted to a]x)ut $3.00 per acre. 

Observations and photographs made on May 10, 1929, showed a marked con- 
trast between the spray and no-spray plots. Tlie stand was good in the sprayed 
plots and almost a failure in much of the unsprayed area. This effect is the result 
of saving the stand in the previous crop as wdl as in the second ratoons. The 
effect has been decidedly cumulative. The normal plantation replanting was car- 
ried out irrespective of treatment but did little for the unsprayed plots, (See Pigs. 
1 and 2.) 
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Hg. 1, Iron anlpliate spray va. no spray on young ratoon cane affected with 
limo'indueed elilorosis. 

JPoregronnd — ^No spray, 

Bacl^ound— sprayed twice with 5 per cent solution of iron sulphate. 
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Tons Iron Sulphate spray For Lime Chlorosis 

Planta^’ion Co Exp. I j 1929 Crop 



No of Plo-t 
Fig. 2 

EA\'a Plantation Company computed the results of the 1929 liarvest as follows : 

SuiiaivsY OF Habvestikg Resulis — Yields Per Acre 


Treatmeut (ATitlimclu^al Average) 



Cune 

Q.K. 

Bngar 

S — ^Tion mlphate sprar 

3(3.83 

8.13 

6.99 

X — spray 

. . 42.23 

8.15 

0.18 

Gain oi lo^-s for sprayed plots 

. . +14.60 

+6.62 

+ LSI 

Per cent gain or loss for sprayed plots 

. . . +34.57 

+0.25 

+34.94 


Plot to Plot C’omparison 



Total 

For 

Same 

For 

Odds 

Mean Bifferent^e 



S 


X 


Student 's Metho 1 



Plots 


Plots 



Cano 

9 

8 

0 

1 

1048.4 :1 

+15.85 

Quality ratio . . . . 

9 

o 

4 


1.77:1 

+ 0.08 

Sugar 

9 

2 

0 

1 

832.0 :1 

+ 1.97 


Nzthooen Rate of Application- (field ai»idieation) 

1.83 Mob. 8.97 Mas. 6.10 Mos. Oi'otal 

Mar. 6/28 May 10/28 July 14,^8 Lbs. X. 

All plots 53 76 106 233 

There is a consistent gain averaging 14^ tons per acre of cane for the treated 
plots, A biometric analysis by Student’s method gives odds of 1043 to 1 against 
a difference of 15.85 tons of cane being due to chance. 

In quality ratio there is no consistent difference between treated and check 
plots. 
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The treated plots show an average gain of 1.8 tons of sugar per acre, or a 34.9 
per cent gain over checks. 

This evidence is quite conclusive that the use of iron sulphate application'' in 
this coral area is warranted and should be employed extensively. 

Applications can be made on a field scale at a veiy' low cost per acre compared 
to the value of the results which accrue. 
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Notes on Pythium Root Rot 

VI 


By C. W. Carpenter 

Several experiments, in continuation of those cited in “Notes on Pythium Root 
Rot, V’* ' are discussed in this paper. To recapitulate, root rot of tlie sensitive 
Lahaina variety was greatly increased by amending “healthy” soil with stable 
manure and molashcake. An experiment was mentioned wherein an unsuccessful 
attempt was made to induce root rot of H 109 by the use of amendments of cane 
compost. H 109 and Lahaina, as well, grew luxuriantly without root rot in com- 
post alone ; Lahaina developed serious root rot, however, in half-and-half mixtures 
of soil and compost while H 109 had a healthy root system in this as in all mix- 
tures from 20 to 90 per cent compost by volume. It was also mentioned that 
molashcake amendments greatly aggravated Pythium root rot of Lahaina in 
“sick’* Waipio soil, and induced serious root rot of Lahaina in healthy Makiki 
soil. 

It was inferred that Lahaina roots rotted conspicuously when growth was 
stimulated by amendments of certain materials. H 109 differed from Lahaina in 
that growth could be greatly stimulated without the occurrence of Pythium root 
rot. The investigation of this point was carried to an extreme in Experiment 112, 
discussed below, wherein H 109 was gro^\Tl in pots with soil amended with stable 
manure. 


Experiment No. 112 — ^Effect of Stable Manure on H 109 


Sixteen 12-inch pots were prepared with pathology plot soil and stable manure 
amendments in various amounts by volume as shown in Table I. Cuttings of 
H 109 were planted November 24, 1928. On February 26, 1929, observations 
were made and the roots of one plant of each series were washed for examination. 


TABLE I 


Boot Bot Fob. 26tb Boot Bot May 2Sth 


Pot Xo. 

Amcudiuont 

(Ago 3 Months) 

(Age 6 Moni 

1-4 

Controls 

None 

None 

5-8 

25 per eent manure 

Moderate 

None 

912 

50 per cent manure 

SeriouA 

Slight 

13-16 

75 per cent manure 

Serious 

Moderate 


Appearance of Plants: Control plants were rather pale and restricted in 
growth, apparently needing more plant food than the unfertilized soil supplied. 
The plants in die manure amendments were dark green in color, and of larger 

* Hawaiian Flantera’ Seeord, VoL XXXni, No. 2, Apiil, 1920, p. 135. 
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size, except for those in the 75 per cent amendments, which were about the size 
of the controls. In those soils with larger manure amendments leaf bum and 
firing of the lower leaves were prevalent. 

Root Obscrz^anons al Three Months. Pot No. 1 Control. The root mass ap- 
I^eared normal for the size of the plant and was characterized by a good develop- 
ment of secondary and tertiar\^ roots and small rootlets. The roots were in gen- 
eral of the fine and wiry t}T;)e with no large or stimulated roots, such as are com- 
mon in rich soils. 

No. 5. Tzi^enty-fizfc Per Cent Manure. This plant had the largest root mass 
of the series, characterized by many large, white primary roots, which were mostly 
healthy. Compared with the control, there ^^e^e few secondary and tertiar}” 
branches, and fine rootlets. A considerable number of the large white roots 
showed Pythium root rot lesions, i. e., yellow to red cankered areas and root tips, 
many of the latter being flaccid. 

No. 9. Fifty Per Cent Manure: Nearly the same root mass was noted as in 
No. 5, but there 'was more evidence of Pythium injur3^ Forced branching of the 
primaries was common following Pythiuin rot of the lips of these roots. 

No. 13. Seventy-five Per Cent Manure: Large white primaries were present 
as in Nos. S and 9, but not nearly as numerous. The total root mass was much 
reduced. Forced branching with large secondaries was common. There were very 
few small, fine rootlets. Pythium rotting of the larger roots with red discolora- 
tion was a conspicuous feature, with a flaccid condition of root tips very common 
on roots of all sizes. 

Another series was washed a month later with improved conditions of root 
health being noticed. The pots w’ere in the open and subject to leaching from 
rains. On May 28, all remaining units were washed. 

Observations: Controls: No. 3 ; small top as if staiwing ; no stooling ; no root 
rot. No. 4; larger top, with fair green color; two new shoots starting; no root rot. 

No. 8. Twcnty-fk'c Per Cent Manure: Top much larger than controls, with 
darker green color, and abundant stooling. Root mass large and filling the pot ; 
no root rot. 

Nos. 10 and 12. Fifty Per Cent Manure: The tops were large and green, 
with good stooling. Roots not quite as well developed as in No. 8 and some 
showed Pythium root rot. 

Nos. 15 and 16. Sei^cnty-five Per Cent Manure: The tops were about the 
same as those of Nos. 10 and 12. There was less stooling than in the SO per cent 
manure. Not much of the original root .system remained, but there was a pre- 
dominance of new root growth with some root rot in evidence. These pots seem- 
ingly retained enough of the plant food from the manure to stimulate grov\1:h, as 
evidenced by the large white roots, though these latter w’ere at this time not suf- 
ficiently hyperstimulated to be readily attacked by Pythium. 

We infer from this experiment that root growth of H 109 may be stimulated 
to the point that root rot becomes serious. Tlois requires an excessive amount of 
plant food. The concentration required to induce susceptibility is so high that it is 
not likely to occur in the field or to be maintained long if reached accidentally in 



85 


localized areas. As soon as the concentration of nutrients becomes reduced as by 
use of the plant for growth, and leaching, normal root growth is resumed. 

Effect of iloLVssEs, Mudpress and Bagasse on Root Rot 

In “Notes on PytJiium Root Rot, V”*** the effect of molashcake on root rot of 
Lahaina was discussed. Since this material was so effective in causing root rot of 
Lahaina in “healthy’’ soil, experiments were conducted separately on the main in- 
gredients of molashcake to determine which ingredients were the most active. 
These experiments, Nos. 113, 114, 115, are discussed below. The results are 
given, in elaboration of the idea that it is the stimulative nature of the amendments 
that leads to root growth which is susceptible to the attack oE Pythium aphanider- 
matinn. 


Experiment 113 — Effect of Molvsscs on Root Rot 

An experiment to test the effect of amendments of molasses, and molasses with 
sodium nitrate on root rot of Lahaina and H 109 in pathology plot soil, was con- 
ducted in l.i-inch pots. There were control pots with no molasses, pots with one, 
two and three pounds of molasses respectively, and a series with the named amounts 
of molasses plus three grams of sodium nitrate per pot. One-half of the pots were 
planted with Lahaina and one-half with H 109, 

The pots were filled with well mixed pathology plot soil. The molasses and 
molasses-plus-nitrate pots received the application of the amendments January 4, 
1929, All pots were kept moist until March 28, 1929, to facilitate decomposition 
of the molasses. Planting was done on the latter date, with healthy cuttings from 
Kailua. Growth w'as fairly uniform throughout the series with somewliat better 
foliage color in plants grown in the amended soils. Stooling was also more vigor- 
ous ill the amended soils. Correlated with this, there appeared to have been a 
stimulated root growth in the amended soil with serious root rot in the Laliaina, 
but scarcely a trace in the H 109. The roots of all plants were washed free of soil 
at the conclusion of the experiment June 25, 1929, 

Table II shows the mmilier of pots, treatment of soil three months before plant- 
ing, cane variety and presence or absence of root rot. Fig. 1 shows tlie root sys- 
tems of representative Lahaina plants. The experiment confirms an earlier one in 
that molasses amendment again induced serious root rot in a soil normally 
“healthy” for Lahaina cane. Root rot also appeared to be further aggravated by 
the addition of sodium nitrate to the molasses amendments. 


op. cit. 
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Tig, 1, Effect of molaBBea and nitiate of soda amendment on Laliaina roots. No. 1, Control, Lahaina; No. 4, Oontiol, H 109; 
No. 6, liuhaina, one ponnd molasses amendment; Nos. 9 10, two jiounds; No. Ill, tlire/* pounds; No. 17, tlnee pounds inolaBbCb })lus 
3 grams sodium nitrate. 
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TABLE n 


it No. 

Taiiety 

Ticatment 

Hoot Hot 

1 

Lahaina 

CWtiol 

None 

a 

Iiahaina 

1 1 

if 


H 109 

ft 

ft 

4 

n 109 

(f 

ti 

5 

Lahaina 

1 Ih. Molasses 

Seiious 


Lahaina 

ft 

a 

7 

H 109 

ft 

Tiaco 

8 

H 109 

ft 

None 

0 

Lahaina 

2 11)8. Molasses 

Serious 

10 

Lahaina 

t< 

ft 

11 

H 100 

ft 

None 

12 

H 109 

ft 

tc 

13 

Lahaina 

3 Ihs. Molasses 

Seiious 

14 

Lahaina 

C ( 

ft 

15 

n 109 

ti 

None 

10 

n 109 

it 

i { 

17 

Lahaina 

1 11). Molnsbos, 3 gin. NaXO; 

lih.trcmo 

IS 

Lahaina 

( ( ft 

te 

19 

H 109 

f( ts 

None 

20 

H 109 

ft 

< i 

21 

Lahaina 

2 lbs. Molasses, 3 gm. NaNOj 

(No Gcimmation) 

22 

Lahaina 

it ti 

ETtieme 

23 

H 109 

tf if 

None 

24 

H 109 

<C (1 

it 

2j 

Lahaina 

3 lbs. Molasses, 3 gm. NaNO^ 

E\ti erne 

26 

Lahaina 

a it 

it 

27 

H 109 

ft ft 

None 

2S 

H 109 

a ft 

it 


Experiment 11*1 — Effect of Bagasse on Root Rut 


An experiment with patholog}' plot soil witli bagasse, and witli bagasse and 
nitrate of soda amendments was conducted in 12-inch pots. This experiment was 
designed to reveal the effect of relatively inert organic matter on Lahaina roots. 
AA’ell mixed pathology plot soil was used. Control soil and amended soil units 
nere prepar^ as shown in Table III, January 9, 1929, These were kept moist 
until March 30 or about three months, to allow decomposition, at which time all 
were planted with, healthy Lahaina cuttings from Kailua. 

Growth as estimated by size of tops and color of foliage was somewhat de- 
pressed in all the amended soils. Stooling was rather poor also in comparison 
with the controls. The roots were washed free of soil June 25, 1929. 

There was no stimulation of root growth such as was found conspicuous in 
amendments of stable manure, molasses or cane compost, and no root rot. ..Vll 
roots remained of small size, tliread-like or fibrous. The controls in patholog}’’ 
plot soil showed a few large roots with some insignificant Pytlumn root rot. 

It was noted that the bagasse had not decomposed to any great extent, even 
in the presence of the nitrate of soda, during the five months of the experiment. 
The pots were in the open and exposed to rains. 



88 



Fiff. 2. Effeet of bngasBP and nitrate of soda amendment <1 on Lolmna roots. No. 11 Conlrol. No. 1, one i)onnd 
))ngfaBse; No. r> name as No. 1 phis ^ ^frama nitrate; No. 7 same aa No. 1 pJus 5 nitrate; No. 10 aarae ns No. 1 

plus 10 grama nitrate. 


There was no apparent stimulating effect by the amendments, and there was 
no root rot induced by the bagasse as used. The results were interesting, con- 
versely, since we are assuming as a working hypothesis that it is the hyperstimu- 
lated root system which is subject to Pythium attack. It also appeared that the 
bagasse controlled any tendency of the roots to be stimulated by the nitrate. Table 
III shows the details of the experiment and Fig. 2 shows the root systems of 
representative units. The better plants and roots were noticed in the controls. 
The bagasse-plus-nitrogen series was next in order. The plants and roots in soil 
amended with bagasse alone were noticeably the poorest of all. 

TABLE in 


Pot Xo. 

Ticatnieut 

Boot Hot 

1 

Bngassc 1 lb. 

None 

2 

f 1 

it 

3 

< t 

(( 

4 

u 

c< 

0 

Bftgaspc 1 Ib., 3 gm. XaNO^ 

tt 

6 

tt tt 

tt 

7 

Bagasse 1 ]b., 5 gm. NnNOj 

tt 

8 

tt ft 

tt 

0 

Bagasse 1 lb., 10 gm. NaXOi 

ft 

10 

(t tt 

tt 

11 

Conti ol 

It 

12 

(( 

Trace 

13 

1 1 

None 

14 

tc 

Trace 


Experiment 115 — Effect of Press Cake ox Root Rot 


At the same time that the above experiments with molasses and bagasse were 
started, a simlair experiment was prepared witli patliology plot soil and press cake 
amendments, with and without sodium nitrate. After an incubation period of 
alx)ut three months, the pots were planted with Lahaina cuttings from Kailua, on 
March 28, 1929. 

Table IV shows number of pots, treatment and effect on root healths With 1 
pound of press cake alone growth of roots as well as tops was moderately stimu- 
lated. There was only moderate root rot. With the same amount of press cake 
plus 3 grams of sodium nitrate, root growth w'as noticeably more stimulated as 
indicated by the larger size of roots. There was a conspicuous localization of root 
rot in the larger roots. With 5 grams of sodium nitrate the root systems were 
somewhat better, possibly with less root rot at the time observed. Wi.h 10 grams 
of sodium nitrate the roots were very badly reduced by root rot. They had been 
attacked nearly as fast as they developed and rotted off before they reached a 
length of six indies. The top was withering, dry and pale and there was a burn- 
ing and firing of the lower leaves. Throughout the experiment there was a con- 
spicuous firing of the low’er leaves with some burning of the edges and tips of 
young leaves, most marked in pots Nos. 7, 8, 9 and 10. 
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Top growth, stooling and root growth were all stimulated by the additions of 
press cake and press cake plus nitrate of soda. This was accompanied by a 
tendency to root rot. Fig. 3 shows the root systems of representative units. 

TABLE IV 


Pot No. 

Treatment 

Boot Bot 

Leaf Burn 

1 

1 lb. Press Cake 

Trace 

None 

2 

t ( 

Moderate 

tt 

3 

(No germination) 



4 

(1 

Moderate 

None 

3 

1 lb. Press Cake, 3 gm. NaNO^ 

tt 

it 

6 

tt It 

Conspicuous 

tt 

7 

1 lb. Press Cake, 5 gm. NaNOg 

Trace 

1 1 

8 

<e tt 

Moderate 

Present 

9 

1 lb. Press Cake, 10 gm. NaNOg 

Serions 

it 

10 

tt it 

ft 

tt 

11 

Control 

None 

None 

12 

tt 

1 1 

1 < 

13 

tt 

ft 

it 

14 

( t 

< < 

tt 


Effect of Compost in Sterilized Soil Mixtures 


It has been reported* that cane compost in amounts of 20 to 40 per cent by 
volume induced root rot of Lahaina in “healthy” Makiki soil. To note if compost 
per se exerted any harmful effect, or caused root collapse, mixtures of soil and 
compost were steam sterilized. Root study boxes were also sterilized and the soil 
placed therein. The various units and controls as shown in Table V were planted 
March 30 with Lahaina cuttings from Kailua, which had been cleaned and soaked 
ten minutes in a 1-1000 solution of mercury bichloride. The cuttings were rinsed 
thoroughly before planting. Plants were watered throughout the experiment with 
tap water. As shown in Table V, a parallel series was conducted with comparable 
mixtures, unsterilized, the cuttings having been similarly disinfected. 


table V 


Box Ko. Boil 

1 Makiki soil 

2 

3 Makiki soil 60 per cent + compost 40 per cent 

^ << t< U • 

a Makiki soil 

Q t( <t 

7 Makiki soil 60 per cent compost 40 per ^ent 

-S et ' ^ ft 


Boot Bot 

Bterilized Kone 

(C ft 

it It 

ft ft 

Uusterilized * * 

(f it 

* * Moderate 

r< , ij 


The roots were 'ivarfied June 29, 1929.’ It was sigmficaiit that although the 
roots were Stimulated in the sterilized soil to better development and formation of 
la^er sized roots than is usual for natural Maldld soil, no root collapse was 

QB. fjitMum Boot B6t, TV, Samiiian Planters^ B^rS, VoL yyyTTj No. 4, p. 408:' 
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present in the absence of specific organisms. With compost added there was a 
considerably greater stimulation of root development with large roots predominat- 
ing, yet no root rot occurred in this sterilized amended soil. 

In the unsterilized soil without amendments no root rot occurred. The roots 
were mostly of the small, fibrous t 3 rpe associated with soils only moderately sup- 
plied with nitrogen. With compost, however, in the unsterilized soil the roots were 
stimulated to better development. Considerable root rot was present in these root 
boxes (Nos. 7 and 8). 

Paralleling the last mentioned experiment with compost, a similar experiment 
was conducted simultaneously and in the same manner wnth stalile manure. Table 
VI shows the observations made when the roots were washed after a growing 
period of three months. 


Box No. 

1 

o 

3 

4 

tl 

0 

7 

8 


TABLE VI 
Soil 

Makiki soil 

it t( 

Makiki soil 80 per cent, manure 20 per cent 

it tf ti 

!Mukiki soil 

it ft 

Makiki soil 80 per cent, manure 20 per cent 

ft ft ft 


Boot But 

Sterilized None 

« f 
t f 
ft 

TJnateiilizod 

ft 
it 
it 


Serious 

It 


Root rot was found only in the unsterilized soil amended with 20 per cent 
manure. These units had a very poor root system. In the soil alone, the roots 
were noticeably darker colored in the unsterilized than in the sterilized soil, hut 
apparently equally healthy. 


Olav Soil Studies 

Soil in Field J-2 at the Olaa Sugar Co., Ltd., lias proved decidedly unfavorable 
for Lahaina cane. Soil at Makiki still grows fair Lahaina. Raymond Conant, 
agriculturist, Olaa Sugar Co., Ltd., collected Olaa soil for the following experi- 
ment, which was conducted at Makiki, to note the effect on root health of Lahaina 
grown in various mixtures of the two soils, i. e., Olaa and Makiki. 

Duplicate root study boxes were prepared of Olaa soil and of nine series of 
dilution, ranging from one-tentli Olaa soil mixed with nine-tenths Makiki soil, to 
nine-tenths Olaa soil and one-tenth Makiki soil. Table VII shows the arrange- 
ment and results observed. The units were planted March 30, 1929, with healthy 
Lahaina cuttings from Kailua, cleaned, soaked in 1-1000 bichloride of mercury for 
ten minutes and thoroughly rinsed. 
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TABLE Vn 


Box Xo. 

Soil 

Germination 

Impioved 
Hoot Health 

Boot Hot 

1 

Control Olaa soil 

_ 

Over Check 


2 

ti ft 

+ 


Bad 

3 

tt it It 

+ 


It 

4 

it tt tt 

— 



5A 

Olaa anil 9/10, Afukiki soil 1/10 

+ 

Xono 

Bad 

oB 

tt tt ft tt tt tt 

+ 

tt 

(C 

6A 

Olaa soil 8/10, Makiki soil 2/10 

+ 

tt 

tt 

6B 

tt tt tt tt It it 

+ 

tt 

tt 

7A 

Olaa soil 7/10, Makiki soil 3/10 

+ 

0 

tt 

7B 

tt tt tt tt tt tt 

+ 


tt 

8A 

Olaa soil 6/10, Makiki soil 4/10 

+ 

Slight 

tc 

SB 

It tt If tc ft tt 

+ 

tt 

ft 

9A 

Olaa soil 5/10, Makiki soil 5/10 

+ 

Afarkcd 

Modern 1o 

9B 

tt It it It tt tt 

+ 

tt 

tt 

lOA 

Olaa soil 4/10, Makiki soil 6/10 

+ 

tt 

ft 

lOB 

it if ft tt tt tc 

+ 

tt 

tt 

llA 

Olaa soil 3/10, Makiki soil 7/10 

+ 

tt 

tc 

IIB 

tt tt tt tt tt tt 

+ 

1 c 

tt 

12A 

Olna soil 2/10, Makiki soil 8/10 

+ 

Very marked 

Trace 

12B 

tt tt tt tt tt tt 

+ 

tt tc 

ft 

13A 

Olaa soil 1/10, Makiki soil 9/10 

+ 

tt tt 

tt 

13B 

it It tt ft tt tt 

+ 

tt tt 

None 

14A 

Makiki soil 

+ 

Normal 

tt 

14B 

It tc 

+ 

tt 

tt 


The root systems of this series of plants were wTished after a growing period 
of three months. In the '‘sick” Olaa soil and in the mixtures wherein this soil 
predominated over the “healthy” Makiki soil root rot was prevalent. However, 
there was a rapid decrease of root rot in the series up to the half-and-half mixture, 
with a more gradual decline as the proportion of healthy soil was further increased. 
The contrast in root health was particularly marked when the root systems grown 
in soil mixtures containing more tlian one-half Olaa soil were compared with 
those grown in mixtures containing less than one-half Olaa soil. Figs. 4 and S 
illustrate this comparison, the root systems of tj^ical representatives of the series 
of plants being shown. The relative length and densit)' of roots are shown, though 
the degree of health or rotting is not disceniible in such photographs. Root rot 
was inconsequential where Olaa soil was present in amounts of 20 to 30 per cent 
by volume. 
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5. C^ig. 4 cont.)- No. 9, Olaa boU 5/10, Makiki soil 5/10; No. lO, Olaa soil 4/10, Makiki soil 6/10; No. 11, Olaa aoiJ 
3/10, Makiki soil 7/lQf No. 12, Olaa soil 2/10, Mflkiki soil 8/10; No. 13. Olaa soil 3/10, Makiki soil 9/10. 


96 


Discussion 

In an earlier experiment* it was found that when molashcake was allowed to 
decompose in healthy soil, the latter became a “sick” soil for Lahaina cane ; root 
rot was greatly aggravated in Waipio sick soil by smaller amendments of molash- 
cake. It was found in the present studies that molasses and press cake, the chief 
nutrients in molashcake, stimulated growth and were active in producing root rot 
conditions of a healthy soil, while bagasse was not. The latter depressed growth, 
counteracted any stimulating tendency of the sodium nitrate present, and no root 
rot occurred. Bagasse might have a useful role as a soil amendment in suitable 
combinations with molasses to retard disintegration, extend beneficial effects and 
check any hannful tendencies. That this material can be used as a diy carrier for 
molasses has been demonstrated by J. A. Verretf and F. E. Hance. Suitable 
formulae from the viewpoint of derirable biological effects in \'arious soils might 
be quite different from a mechanical mixture most convenient for field application. 

Experiments above cited showred that canc compost or stable manure amend- 
ments did not per se cause root collapse (Tables V and A^I). These materials 
served as stimulative plant foods, the roots in such steam sterilized amended soil 
being large and healthy. No root rot occurred, nor any semblance of root collapse. 
In such amended soils not steamed, Pythium root rot was severe. Steam steriliza- 
tion of a healthy soil lias been observed to bring about conditions favorable for root 
rot, and this disease occurred as soon as Pythium was present. 

Ill another experiment, above cited, a “sick" soil was diluted progressively with 
“healthy" soil, and tlie effect on the roots of Laliaina observed. As the propor- 
tion of “sick’ soil decreased root rot liecame less severe. Improvement in root 
health was marked when the sick soil was about one-half of the mixture. Root 
rot all but disappeared in mixtures where the sick soil ivas but 20 per cent of the 
whole. 

As already reported root rot has been induced in healthy soils by amendments 
of cane compost, stable manure, molashcake, mud press, molasses and sodium 
nitrate. These materials, whatever their other characteristics, act as stimulative 
plant foods. With bagasse amendments, as used, any stimulative tendency of the 
nitrate of soda present was overbalanced, growth was depressed and no root rot 
occurred. Traces of root rot did occur in some of the “healthy" soil controls. The 
Makild soil is so nearly free of Pythium root rot of Lahaina as compared to field 
soils where this cane suffers severely that it is called “healthy" in these notes. 

Accumulated experimental evidence thus shows that a “healthy" soil can be 
made “sick" for Lahaina cane by stimulative amendments, or by other means of 
increasing available nutrients, as by steam sterilization and subsequent invasion by 
Pythium species. The harmful accessoiy factor of Pythium in a “sick" field soil 
can be rendered impotent by dilution of the soil with healthy soil. In view of these 

* Notes on Pythium Boot Bot, V, Satoaitan Plunierh* Pecord^ Tol. XXXIII, No. 2, p. 164. 

tBeport by J. A. Verret, in Director’s Monthly Report, September, 1927; also Proceed- 
ings, H. S. P. A,, 1927, pp. 89-90. 
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premises it seems olmous tliat Pythiiim root rot varies in severity with the con- 
centration of stimulative nutrients. 

The theory was advanced-*' that susceptibility to Pythiiuii aphanidermahim W’as 
acquired by the roots, and that it was a temporary condition of the root system 
varying with soil environment. The controlling factor in this acquired suscepti- 
bility now appears to be rate and type of growih as determined by stimulative 
nutrients. The alternate theory, tliat increased root rot might be due to the 
stimulative effect of these environments on the fungus, remains to be considered. 
Experiments may be conducted to leani wiiether the parasitic tendencies of PytJnum 
can be increased by culturing the organism on various stimulative media Since 
parasitic ability of the Pyfliiiun cultures has not been a difficulty encountered in 
experiments over several years, the impression has been gained that root modifica- 
tion w^as a more logical inference, than ^'ariability in the liabit of the fungus. It 
does not appear logical that Pyfhiiim per sc requires 5 per cent of stable manure 
in a soil to enable it to attack Lahaina, and around SO per cent of the same amend- 
ment to enalde it to attack H 109 seriously. The literature supports the view^ that 
a too stimulative environment for plants leads to the development of tissues more 
suscejDtible to fungus attack. 

From a practical viewpoint, if Pythium becomes a harmful factor in cane cul- 
ture only in over stimulative soils, it does not appear very important to know' 
w'hether the cane, the fungus or both are modified in behavior by the environment. 

Summary 

1. Serious root rot of H 109 caused by Pythium apJianidcnuafnm w^as induced 
in a potted soil by amendments of stable manure, 25 per cent to SO per cent by 
volume. It is inferred that the ol:)served later resumption of healthy root grow’th 
w'as the result of a reduced concentration of the stimulative nutrients by assimila- 
tion and leacliing. 

2. Root rot of Lahaina was induced in a “healthy” soil by amendments wdth 
molasses and mud press respectively. Bagasse, another constituent of molash- 
cake, depressed growth, and no root rot occurred. The pre\'iously reported ad- 
verse effect of molashcake on root rot w'as apparently due to the stimulative in- 
gredients, molasses and mud press, and not to the bagasse. 

3. No root collapse of Laliaina was found in soil amended wdth manure or 
compost and steam sterilized. In such amended soils, not sterilized, Pythium root 
rot was active. Heavy amendment wdth these materials did not per se cause root 
collapse. 

4. WTien a “sick” soil was diluted progressively w^itli a healthy soil, Pythium 
root rot became less severe. With a half-and-half mixture, a marked improvement 
of root health was observed. In mixtures containing less than 20 to 30 per cent 
sick soil, Pythium root rot became inconsequential. 

Notes on Pythium Root Rot, III, Hawaiian Planten^* Sccord^ Tol. XXXII, No. 3, 
pp. 279-288. 
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5. It is inferred from these experiments that the accessor}' controlling factor 
in Pytiuum root rot of Lahaina cane is the type of root growth as determined by 
stimulative nutrients. Temporarily acquired susceptibility appears to be a function 
of root nutrition when the nutrients available become too stimulative. In lesser 
amounts this harmful factor acts as a beneficial soil constituent. 
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A Comparative Study of the Development of Sugar Cane 
Roots from Root Primordia 


By D. M. Weller 

In undertaking a study of the length of life and the duration of the functioning 
periods of roots of the sugar cane plant, consideration was given to the root primor- 
dia, which occur as ‘Voot dots" at the base of the intemodes of the stems and 
which, on planted cane cuttings * develop into “seed-piece roots." In this study 
consideration was given to the development of tliese primordia into seed-piece roots 
and to the time of development of shoot roots in relation to the stage of develop- 
ment of the seed-piece roots for several varieties of cane. 

The present experiment (performed in May and June of 1928) was planned to 
determine (1) the number of root primordia and, therefore, the possible number of 
seed-piece roots, per node for different varieties of cane, (2) the percentage of 
root primordia “genninating" at stated intervals under field conditions, (3) 
whether or not any of these root primordia are held in reserve, (4) the time of 
development of shoot roots in relation to the stage of development of the seed- 
piece roots. (5) whether or not there exists any correlation between the germina- 
tion of the root primordia and the development of the buds into shoots, and (6) 
what variation exists in regard to these points among the varieties H 109, Lahaina, 
Yellow Caledonia, D 1135, Uba, P. O. J. 213, and P. O. J. 36. 

It was impossible to secitre cuttings of all of these varieties from the same 
source and of the same age, but uniform "top seed" of each varieU' was used. 
Fifty three-eye cuttings of each of the above mentioned varieties were selected. 
The niunber of root primordia of each of the three nodes of each cutting was 
counted and recorded. The average number per node of the 150 nodes of the 
seven varieties named above are shown in Table I. 

TABLE I 

Rhowing the Aveiagc Nunihcr of Boot Primordia per Node of 50 Thu*e-Eye Cuttings of 

Several Vaiietioa of Cane 


I> 11,15 322.66 

H 109 116.84 

Yellow Caledonia * . 114.43 

Lahaina 93.56 

P. 0. J. 213 45.00 

TTba 38,46 

P, 0. J. 86 29.62 


* In Hawaii commonly known as “seed pieces”; in India, as ** setts”; in Java, ns 

'bibits”; in the Philippines, as ” points” or ‘‘seniillas.” 



100 


It is seen from these figures that there is in regard to this character a great 
variation among tliese varieties. No doubt also in any particular variety this 
character varies greatly with age and growing conditions. This was illustrated by 
taking at random three sticks of Uba cane from a field other than the one from 
which the 50 pieces of top seed of this variety were gotten. These sticks were cut 
off close to the ground and, beginning with the lowest node and proceeding acropet- 
ally, the numl)er of root primordia were counted on all nodes of the three sticks. 
Three sticks each of the varieties D 1135, H 109, and Yellow Caledonia were 
treated in the same way. The average number of root primordia per node for the 
three sticks of these four varieties was as follows : 


Yiellow Caledonia 

II 109 

B 1135 

ITba .. . 


220.09 

00.66 

83.80 

39.16 


A comparison of these data with those of Table I shows that great variation 
exists within the variety also and suggests that possible correlations exist between 
these numbers and age of cane, season, nutrition, pH of soil, etc. The discovery 
of such correlations would be profitable provided it can be shown tliat for a given 
variety either quickness of germination of the buds, or “stand"’ of cane is depend- 
ent upon the number of these root primordia. Of course between the varieties 
there is no such correlation as is evidenced by Figs. 1 to 4. 

Plan of the Experiment 

WTien the number of root primordia on the SO three-eye cuttings of each of 
the seven varieties named above were recorded, the cuttings were planted at ran- 
dom ill the field and irrigated at the rate of one acre-inch of water every 5 days. 

The 50 cuttings of each variety were divided into five groups of 10 each. Those 
of each variety belonging to Group I, were removed from the ground 5 days after 
they were planted, the number of developing root primordia on them counted and 
recorded and the percentage this number of the total number of root primordia 
calculated. (Fig, 1.) 

The number of shoot roots was also recorded. *V11 developing roots were then 
ait off close to their proximal ends and the seed pieces replanted. At the end of a 
second period of 5 days in the ground these seed pieces were again removed from 
the soil and the number of developing roots counted and ait off as liefore. This 
operation vras repeated at intervals of 5 days for 50 days. 

The seed pieces of each variety belonging to Group II were treated as were 
those of Group I except that they were taken up and replanted at intervals of 10 
days for 50 days. (Fig. 2.) 

Group III was treated in the same way at intervals of 15 days, Group IV at 
intervals of 25 days (Fig. 3), Group V at the end of one interval of 50 days (Fig. 
4). The irrigations were so timed as to be given immediately after every planting. 

The number of seed-piece roots counted in this way is recorded in Table II. 
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Fi^. 1. Showing the relative development of seed-piece roots from tlie root 
primordlaj or "root dots,’' the stage of development of the “eyes’* into the 
shoots, and the general appearance of seed pieces of Group I after heing planted 
in the ground for the drst of S-^day x^riods, and leeeiving irrigation water at 
the rate of one acre-inch when plant^. 
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Fig 2 8'ho'Kiiig the lelative development of seed piece loots and shoota fiom 
the seed pieces of Soup n after being planted m the giound foi the first 10 dai 
peiiod and being migated once 'ahen planted and once 5 days latei at the late ot 
one inch pei amc 
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Fig 8 Showing the relative dewlopmeut of seed piece loots and alioota tiom 
the seed puces ot Gioup lY aftei being planted in the ground for the drst 25 da'v 
ptiiod and receding &\e lounda of niigation iivater at the late of one atieincli 
eiei.> o da.ifl 
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Group I X IE IC X 

!Kig. f). Rliowinj^ tho pcn'CUtuRC of root pilmordia developing into seed-piece 
roots ou I lie live groups oi* secil iiieccs after being planted in Ibe ground for the 
lliHt piTiod of 5 days (Group T), 10 days (Gioup TI), 15 days (Group III}, 25 
diiyn (Grou]) IV), and 50 days (Group V), 

'J'hc nunibcT and i>crcentagc of root primordia developing into seed-piece roots 
varied with the variety as is shown iu Tabic II. From the data of Table II can 
be seen the inimber and i)er cent oi root primordia developing into seed-piece roots 
at the end of the several i>criods. At the end of 5 clays, for example, on the H 109 
seed pieces of (Iroup 1, 139 root primordia, or 3,6 per cent of the total had 
cleveloixid into seed-piece roots, while on the Yellow Caledonia 2871, or 64.6 per 
cent, had developed into seed-piece roots. After being in the ground undisturbed 
for SO days there had developed, on the Lahaina seed pieces of Group V, 746 seed- 
piece roots, or 27.2 per cent, while on those of tlie D 1135 of the same group 1847, 
or 53.0 ]->er cent, liacl developed. Other varieties for these two periods as well as 
for other ]icriocls can lie compared. 

From Table J I it can also he seen that, in general, after a period of 50 days 
the percentage of root primordia developing into roots was very little higher, if 
any, than the percentage developing in from 10 to 25 clays. This is shown graphi- 
cally in Fig. 5. 

Root Primordia Held in Reserve 

A comparison of the nnniter of root primordia developing into seed-piece roots 
from the seed pieces undisturbed for SO days with the number developing from 
those taken out and replanted at stated intervals is shown in Table HI. 
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}ieiiods. 

It is interesting to note that in every case the total per cent of root primordia 
developing into seed-piece roots on the seed pieces left undisturlied for 50 days was 
less than the average of the total per cents of those removed from the ground and 
replanted at intervals of 5, 10, 15 and 25 days for 50 days, this difference being 
greatest for Yellow Caledoma, namely 25.5 per cent. This would indicate that, 
when the developed roots were cut off, other primordia developed vehich under nor- 
mal conditions Zk^ould not have done so. In other words a certain number of toot 
primordia is held in reserve and develop only in case of need (Figs, 6 and 7). 

For this reason the curves of Figs. 6 and 7 have a persistent tendency to rise 
contintioiisly up to the fiftieth day, which is in contrast to the tendency of the 
curves of Fig. 5 to level off after the first 5 days. This may find practical applica- 
tion in the practice of off-barring and suh-soiling and will be discussed more fully 
in connection with the development of roots from the shoots. 

From the graphs of Figs 8 and 9 can be seen how the total number and per- 
centage of root primordia developing into roots is greater for seed pieces '‘dis- 
turbed” over a period of 50 days at intervals of S or 10 days than for those “dis- 
turbed” at intervals of IS, 25 or 50 days. In the case of Uba, however, there is 
seen to be a slight deviation from this tendency. In Fig. 10, tliis fact is shown 
still more clearly for the variety Yellow Caledonia. 
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Ho. 



Pig. 8. Showing the total mnnher of loot priinordia developing into 
loots at the end of ten 5 day peiiods (Group I), five 10-dny periods (Gioup 
II), three 13-day peiiods (Group III), two 25 day ponoda (Oionp IV), 
and one 50-day period (Gionp V). 
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Fig. 9. Rlio-vmg the total percentage of root primoidia developing into 
lootB at the end of ten 3 day pciiods (Gionp I), five lO-day peiioda (Group Til, 
three 15-day perioda (Gionp HI), two 23 day perioda (Group IV), and one 30 day 
period (Gionp V). 


The Developmevt of Shoot Roots 

It has been shotra that the seed-piece roots of llie cane plaiit function only until 
the shoot develops from the bud and puts out roots of its own.* A bud from 
which such a shoot develops is essentially a miniature shoot vdth greatly shortened 
intemodes and nodes bearing scales instead of leaves. In the axils of these bud 
scales are root primordia just as there are root primordia on the root band (Keim- 
ring) of the mature shoot. It is not surprising, therefore, to find shoot roots 
developing and pushing out from between the bud scales even when the intemodes 
of the bud have only begun to lengthen. 

WTien the seed pieces of Group I were dug up after the first S-day period m 
the ground, from between the scales of some of the buds on seed pieces of Yellow 
Caledonia shoot roots had already developed. These roots are scarcely distiu- 
gui^ble from the seed-piece roots in Fig. 1. 

* Lee, H. Atherton, and WeUer, D. M. 1927. The Length of Life of Seed-Piece Boots 
and the Progress of Sugar Cane Boots in the Soil at Different Ages of Giowth. The Ha- 
waiian Plimterfl’ l^ecord, Vol. XXXl, pp. 25-85. 
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Fig. 10. ShoT\ing the nninbei of root primordia of Yellow Calc- 
donJa developing into roots on seed pieces dug np, the devdoping 
roots cut off, and tho seed pieces leplanted at intervals of 5 da^s 
(Group T), 10 days (Gionp II), 15 days (Gioup III)> 25 days 
(Group IV), and 60 days (Gioup V), for 50 days. 
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111 Fig. 11 is shown a node of a seed piece of the variety P. O. J. 36 at the end 
of the second S-day period in the ground. In the illustration it can be seen where, 
at the end of the first 5-day period, the seed-piece roots which had developed from 
this node were cut off. At the time the photograph was taken no additional seed- 
piece roots had developed from the root primordia held in reserve. 

The record of this particular node shows that at the end of the second 5-day 
period 96 of its 127 root primordia had developed into roots but that, after shoot 
roots began to develop from the bud of this node, even after eight additional 5-day 
periods in the ground, only four more root primordia of this node developed into 
roots. 



Fig. 11. fiboiving a seed iiiece of the 
variety P. O. ,1. 36, the buds of which had 
put out shoot roots by the end of the second 
3 day iierind in the ground (Oioup 1). 

After the first 5-day period in the ground the buds of the seed pieces of 
Group I showed this condition with increasing frequency. This demonstrates how 
early the young cane plant (developing bud) may begin its own independent exi.st- 
ence, which is practically complete at about tlie fourth month.’ There is no doubt, 
however, that this character varies with the variety and is greatly influenced by 
temperature and moisture. In Figs. 1 to 4 can be seen how these shoot roots 
developed on other groups. 

Counts were made of the nmnber of shoot roots developing from shoots on the 
several groups of seed pieces as they were taken out of the ground at the various 
intervals. These are shown in Table IV. 


* Lee and Weller, Op. eit. 
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From the data of Talkie IV" it is seen that when the seed peices of the variety 
H 109 were taken out, the developing roots cut oft, and replanted at intervals of 
S, 10, 15 and 25 days the number of shoot roots averaged 57 7 for these four 
groups. Those left undisturbed in the ground for 50 days developed 86 shoot 
roots, or 28.3 more for the undisturbed than for the average of the disturbed. On 
the seed pieces of Yellow Caledonia undisturbed for 50 days 329 shoot roots 
developed, or 138 8 more than the average for the disturl^ed seed pieces. From 
these data it is seen that for every variety examined the number of shoot roots 
developing on shoots from seed pieces undisturbed for 50 days exceeded the 
average of tliose developing on shoots from seed pieces disturbed at intervals of 
5, 10, 15 and 25 days for 50 days. This is in contrast with the data of Table III, 
where, without exception, for the same varieties the percentage of seed-piece roots 
developing on seed pieces undisturbed for 50 Jays less than the average of 
those developing on seed pieces disturbed at intervals of 5, 10, IS and 25 days for 
SO days. 

As was mentioned above, these facts may well find practical application in the 
practice of off-barring and sul)-soiling. As was shown by the contrasted data of 
Tables III and IV the ""priming^' of the seed-piece roots stimulated into develop- 
ment root primordia of the seed pieces zvhich under normal conditions zuoiild have 
been held in rescrce. The pruning'" of the shoot roots resulted only in fewer roots 
being developed from these shoots. Tnasmucli as the cane plant (developing shoot) 
ultimately relies upon its o\to shoot roots, the “pruning” of these shoot loots can 
result in only seriously handicapping its normal development. 

The relationship which exists between old ratoon roots and the roots develop- 
ing from the new ratoon shoots would be expected to be similar to that of the func- 
tioning seed-piece roots to the developing shoot roots of the plant crop.* 

Off-barring and sub-soiling, therefore, which are done early enough to avoid 
cutting off roots from the slioots and to so cut away the old root mass as to make 
water, fertilizer, and air more easily available to the developing shoot roots should 
result only in benefit. Off-barring and sub-soiling which is done so late as to in- 
jure developing shoot roots can result only in harm. 

Summary 

1. A study was made of the devdopment of the roots of the sugar cane plant 
from the root primordia, which occur as “root dots” on the “root bands” (Keim- 
ring) at the base of the inteniodes of the stems. 

2. The number of root primordia and, therefore, the possible number of seed- 
piece roots per node differed greatly for the varieties studied. 

3. Fifty cuttings of the variety H 109 were divided into 5 groups of 10 cut- 
tings each and planted in the ground for 50 days. The 10 cuttings of Group I 
were removed from the soil every 5 days, and after the number of seed-piece roots 
devdoping on them had been recorded and cut off, they were replanted. Tlie 10 

* An experiment now in progress to determine this relationahip between ratoon roots 
and roots fiom the ratoon shoots seems to eonflim this statement. 
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cuttings of Group II wert treated in the same manner as were those of Group I at 
intervals of 10 days, those of Group III were treated in the same way at intervals 
of 15 days, those of Group IV at intervals of 25 days, and those of Group V at 
tlie end of one period of SO days. The number of shoot roots produced by the 
developing shoots ^vas also recorded. Irrigations were given every fifth day at the 
late of one inch per acre and were so timed as to be given immediatdy after each 
group was replanted. The vaneties Lahama, Yellow Caledonia, D 1135, Uba, 
P. O. J. 213 and P. O. J 36 were also studied. 

4. The number and per cent of the root pnmordia developing into seed-piece 
roots at different penods of time were determined. At the end of the first S-day 
penod, for example, on the ten H 109 seed pieces of Group I, 139 root pnmordia, 
or 3.6 per cent of the total, had developed into seed-piece roots, while on the Yel- 
low Caledonia of the same group 2871, or 64.6 per cent, had developed. 

5. The percentage of root primordia developing into seed-piece roots on seed 
pieces planted for 50 days is very little higher, if any, tlian for seed pieces planted 
for from 5 to 25 days. 

6. A certain number of root primordia are held in reserve and develop only in 
case of need. The total per cent of root pnmordia developing into seed-piece roots 
was less for seed pieces left in the ground undisturbed for 50 days than for seed 
pieces disturbed at intervals of 5, 10, 15 and 25 days for the same period. 

7. No correlation existed between the number of root primordia of different 
varieties and the development of the shoots from the buds, which does not pre- 
clude, however, a correlation lietween development of shoot (“stand of cane") 
and the number of root primordia for a given variety. 

8. Shoot roots developed from the root primordia of the bud and pushed out 
between the bud scales as early as 5 days after the seed pieces were planted. 

9. For the varieties studied the number of shoot roots developing on shoots 
from seed pieces undisturbed for 50 days exceeded the average of the number 
developing on shoots from seed pieces disturbed at intervals of 5, 10, 15 and 25 
days. This is in contrast with the data for the seed-piece roots for, without excep- 
tion for the same varieties, the percentage of seed-piece roots developing on seed 
pieces undisturbed for 50 da} s Tim less than the average of those developing on 
seed pieces disturbed at intervals of 5, 10, 15 and 25 days. 

10. These facts may help interpret the significance of various tj’pes of root 
injur}' and may have a practical application to the practice of off -barring and sub- 
soiling. The “pruning” of the seed-piece roots stimulated into development root 
primordia of the seed pieces which under normal conditions would have been held 
in reserve. The “pruning” of the shoot roots resulted in fewer roots being devel- 
oped from the shoots. 
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Relative Resistance and Susceptibility of Hawaiian and 
Introduced Cane Varieties to Eye Spot and 
Brown Stripe Diseaises 


By C. C. B \rnum 
Part I 

Varieties in Relation to Eve Spot Disease 

This paper presents all the data that have become available on the subject of 
inherent eye spot resistance, to the present date. A paper on “Field Observations 
on the Degree of Resistance and Susceptibility of Seedlings to Eye Spot/' by 
Martin, Avhich appeared in the Planters' Record, Vol. XXXII, No. 3, July, 1928, 
covered only the observations made by himself on canes then growing at Waialua 
Agricultural Company, Ltd., under eye spot conditions. In this paper, Martin 
suggested and adopted the plan of using an index sign to indicate the relative 
resistance or susceptibility to eye spot disease of cane under test. 

In the present paper, the observations of all observers are taken into account 
and the index sign here given is a composite of all records available for each 
particular cane under observation. The numl)er of observations considered for 
each seedling is recorded in each instance and the average index sign is detennined 
from a careful weighing of all Ihe recorded observ^ations. Resistance to eye spot 
disease is indicated by the plus sign, +; extreme resistance by the use of two 
plus signs, -f- + : equal susceptibility with that of H 109, as a standard in all cases, 
is indicated with the equality sign, =; while greater susceptibility to the disease 
than is exhibited by adjacent lines of similar-aged H 109 cane, is indicated by one 

or more minus signs, — , . Where only one obserA'ation for a single variety 

is recorded too much reliance must not lie placed on the index sign here recorded. 
The canes which have been under field test for agricultural qualities over a rela- 
tively long period of time have a larger numl^er of observations recorded hercAvith 
than have the more recently dcA’^eloped or introduced canes. 

ObserA^ations have been made on canes in eye spot areas on both Oahu and 
Kauai, as well as a few observations on Maui and Hawaii. The observations of 
R. Bryan, H. K. Stender, R. H. McLennan, J. P. Langley, J. A. Verret, C. G, 
Lennox, A. J. Mangelsdorf, R. Conant, G. F. Fisher, J. P. ^^fartin, and the winter 
haA'e all been condensed to form this listing of the canes. 

The canes have been grouped in order of their importance and of their propaga- 
tion; the miscellaneous plantation-propagated canes have been arranged in an 
alphabetical sequence. The mam groups appear in the folloAving sequence: 

1. Introduced canes. 

2. Standard canes. 

3. Alphabet Ararieties, Oahu propagation 1916-1920. 

4. H varieties; H 146 to H 3001. 
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5. 1917 O. P., 20-S, 1924 O. P. varieties. 

6. Manoa varieties, l^eginning with 1922 propagation. 

7. H 5900 varieties. 

8. H 7000, H 8100 and H 8600 varieties. 

9. H 8900 varieties. 

10. H 9800 and H 9900 varieties. 

11. U. H. and U. D. TOrieties. 

12. 25-C varieties. 

13. 26-C varieties. 

14. 27-C varieties. 

15. 25-Q varieties. 

16. Ewa varieties. 

17. Waialua varieties. 

18. Wailuku varieties. 

19. Miscellaneous varieties. 

From time to time observations have been made of the occurrence of mosaic 
disease on the canes under observation. In this report all varieties on which 
definite cases of mosaic have been observed are identified by means of an asterisk 
which precedes the name of the listed variety. 

The position of the X, opposite each variety under either Group I, II, III, or 
IV, in one of the four columns on the right-hand side of the table, designates the 
value of the cane variety in relation to ^e spot disease. Only those canes for 
wliich an X appears in either Group 1 or II are sufficiently resistant for propaga- 
tion in eye spot areas. Those canes falling in Group III or IV are entirely too 
susceptible for planting in eye spot areas. 

No consideration has been given in this paper to the agricultural qualities of 
any of the canes listed. The list of cane varieties in relation to eye spot disease is 
presented in the following table : 

Bosiatnnt SuBCcptlblo 


1. lutrodneed Canes : 

P. O. J. 36.. 

S6M 

213.. 

ti 228.. 

234.. 

826.. 

979.. 

2221 ,, 

" 2379.. 

“ 2714.. 

“ 2725.. 

“ 2727.. 

S. W. 8 

D. L 62 
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Standard Canes; 





D 1135 

+ 

3 


X 

Yellow Caledonia 

+ + 

5 

X 


Yellow Tip 

+ 

5 


X 

TTba 

+ 

1 


X 

Striped Mexican 

+ 

2 


X 

Bndila 

+ + 

2 
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Alphabet Varieties; 





AA3 
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2 



AA4 



1 



AA5 



2 



AA6 

4 4 
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2 


X 

ABA 
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ABB 
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2 



ABC 

= 

2 



ABD 
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2 


X 
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ABE 

4 

1 


X 

ABG 

4 

1 


X 
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X 
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ABK 
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ABL 
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1 



ABM 
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1 
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ABP 


— 1 
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n Varieties; U 146 to H 3001: 
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3 



1917 0. P., 20-S, and 1924 0. P. 

Varieties: 




1917 0. P. 86 

... — 

1 



1917 0. P. 299 

+ + 

1 

X 


1917 0. P. 384 

= 

1 




Gi 

O 

r-1 

mH 

So 

® El 

ow 


X 


X 

X 

X 


X 

X 

X 


X 


* Asterisk preceding the name of any variety indicates tlic observation of mosaic 
disease on such eanes. 


Group IV" 

XXX XXXXX X XX Highly 

STisccptiblu 
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licaUtnnt Suaeeptilile 

+3 


1917 0. P. 389. 
1917 0. P. 395. 
1917 0. P. 710. 


20-S-16 

20-8-17 

20-8-18 

'20-8-19 

1924 0. P. 83. 


Manoa Varieties: 
Manoa 36 . 
^ “ 127. 

“ 160. 

198. 
“ 213. 

“ 300. 

“ 301. 

'' 302. 

303. 

304. 
“ 305. 

“ 306. 

“ 309. 

“ 311. 


H 5900 Varieties: 

H 5908 

H 5909 


H 5940 
‘ H 5946 


H 5986 

H 7000, H 8100 and H 8600 Vorietips; 


H 7860 
H 7878 
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*S 
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tjS'S 
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§*3 
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^ cd 

CU 

'd 
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o o A 
® ai 

c B. 

t-i O’ 

R 

rH 



oSrt 


— 

1 
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1 

X 



= 

1 



X 


4 

X 



+ + 

1 

X 



+ 

2 


X 


= 

4 



X 

= 

2 



X 

+ 

1 


X 


+ 

1 


X 


+ 

1 


X 


— 

0 



X 

+ 

2 


X 


+ 

1 


X 


+ + 

1 

X 



= 

1 



X 

+ 

1 


X 


+ 

3 


X 



1 

X 



+ + 

2 

X 



+ + 

2 

X 



+ + 

1 

X 



+ 

1 


X 


+• 

1 


X 


+ 

1 


X 


+ + 

o 

9 

X 



+ + 

5 

X 



= 

1 



X 

+ 

1 


X 


, — 

1 




+ 

3 


X 


+ 

.3 


X 


+ 

1 


X 


= 

2 



X 

+ 

1 


X 


+ 

2 


X 


z= 

3 



X 

. + 

3 


X 


. — 

3 




- + 

5 


X 


. = 

2 



X 

. = 

2 



X 


Group IV 
X Highly 
Suae eptil lip 
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H 8136 . 
H 8139 . 
H 8158 . 
H 81360 
n 86143 
H 86374 
H 86441 
-H 86465 
H 86472 
H 86484 
H 86485 


H 8900 Varieties: 

H 8901 

H 8906 

H 8907 

H 8911 

H 8918 

H 8919 

H 8920 

H 8922 

H 8924 .... 

H 8929 

H 8933 

H 8933 

H 8938 .... 
H 8939 .... 
H 8940 .... 
H 8942 .... 
H 8945 . . . 
H 8946 .... 
H 8947 .... 

H 8948 

H 8949 .... 
H 8952 .... 
H 8934 .... 
H 8056 .... 
H 8958 . . . . 

H 8961 

**H 8963 

H 8968 . . . . 
H 8969 . . . . 
H 8973 . . . . 
H 8976 . . . . 
H 8978 . . . . 
H 8982 . . . . 
H 8983 . . . . 
H 8984 . . . . 


Resist ant Susceptible 
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|d 

o| 
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c 
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Hi 
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X 
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X 



= 
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X 



= 

2 



X 
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2 



X 

= 

2 



X 

+ 
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+ 



2 



X 

— 

1 




+ 
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X 


= 

2 



X 

— 

3 




— 

1 




+ + 

1 

X 



= 

2 



X 

■h 

6 


X 


+ 

2 


X 


— 

1 





o 



X 

+ 

2 

2 


X 


+ + 

9 

X 



= 

5 



X 

— 

1 




= 

5 



X 

+ + 

8 

X 



+ 

16 


X 


— 

1 




+ 

7 


X 


— 

2 




= 

1 



X 

= 

4 



X 

1= 

1 



X 

— 

3 




= 

3 



X 


X 

X 


X 


X 

X 


X 


Grtmp rV 

XXX X X X X Highly 

Huseeptililp 
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Bcaistant Busceptible 




■H 8988 + 

n 8992 

II 8993 + + 

n 8994 -f H- 

n 8998 + 

n 89102 + 

II 89291 

n 89296 — 

H 89321 + + 

10, H 9800 and n 9900 Varietiefl: 

H 9801 + 

H 9802 -h 

H 9803 + 

H 9804 + 

H 9806 4- 

H 9806 + 

H 9807 + 

H 9808 + + 

n 9809 + 

H 9810 + 

H 9811 + + 

“■ H 9872 + 

H 9813 + 


a> ^ 

ll 

l§o 

8 

2 

8 

14 

3 

8 

5 

2 


1 

1 

1 
1 
1 
4 
1 
1 

2 
2 
4 
3 
1 


o 







X 


0”o 

l| 

OW 


X 

X 

X 

X 


X 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


H 9904 
H 9910 
H 9913 
H 9923 
H 9924 
H 9929 


+ 1 

+ 1 

+ 2 

4- 1 

+ 1 


X 

X 

X 

X 

X 


11. V. H. and TT. B. Varieties: 


U. H, 1.... 

+ + 

3 

X 

TT. H. 2.... 

+ + 

1 

X 

V. H. 8,... 

++ 

1 

X 

F. H. 4.... 

+ + 

1 

X 

F. D. 1,... 

+ 

11 


F. D. 4,... 

+ + 

1 

X 

F. D. 6.... 

+ + 

1 

X 

F. D. 7.... 

++ 

1 

X 

F. D. 23... 

+ + 

1 

X 

F. D. 36... 

++ 

1 

X 

F. B. 39... 

H- + 

2 

X 

F. B. 42... 

+ + 

1 

X 

F. B. 68... 

+ + 

3 

X 

F. B. 62... 

+ + 

3 

X 

F. B. 65... 

+ 

3 



X 


Group IV 

XX X Highly 

Snseeptihlo 
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Besistant fcjusceptihlc 


XJ. D. 66. 
V. D. 75. 
U. D. 79. 
XT. D. 88. 
XT. D. 92. 
XT. D- 100 
U. D. 104 
U. P. 106 
XT. D. 110 



25-0 Varieties: 


25-C-l -f 5 X 

25-C-2 + 3 X 

25-0-3 -f 3 X 

^25-0-4 -f 8 X 

25-0-5 = 3 X 

25-0-6 + 3 X 

25-0-7 + 7 X 

25-0-8 + 4 X 

25-0-9 — 5 

25-0-10 4 

25-0-11 = 3 X 

25-0-12 + 3 X 

25-0-13 3 

'25-0-14 + 3 X 

25-C-15 -f 8 X 

25-0-16 + 7 X 

25-0-17 — 4 

25-0-18 3 

23-0-19 — 5 

25-C-20 4 

25-0-21 = 4 X 

25-0-22 = 3 X 

25-0-24 + 3 X 

25-0-25 = 2 X 

25-0-26 3 

25-0-27 3 

^26-0-28 = 4 X 

25-0-29 — 2 X 

25-0-30 + 3 X 

25-0-31 -f-h 4 X 

25-0-32 + 3 X 

25- 0-33 — 3 X 

26- 0-34 -h-f 0 X 

26-0-85 == 3 X 

25- 0-36 — 2 X 

26- 0-87 4- 2 X 

25-0-88 -f 4 X 


Group lY 

XX XXXX X XX Highly 

Knseeptiljlo 
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25-C-39 ... 
23-C-40 ... 
2S-C-41 ... 
23-C-42 ... 
23-0-43 ... 
25-C-44 ... 
25-0-45 ... 

25- 0-46 ... 
23-C-47 ... 

13. 28 C Varieties: 

26- 0-48 ... 
26-0-52 ... 
26-C-53 ... 
26-0-53 . . . 
26-0-58 ... 
26-0-61 ... 
26-0-63 ... 
26-0-71 ... 
26-0-80 ... 
26-0-95 ... 
26-C-nO .. 
26-0-112 .. 
26-0-113 .. 
26-0-116 .. 
26-0-118 .. 
26-0-122 .. 
26-C-137 .. 
26-0-141 .. 
26-C-143 .. 
26-0-144 .. 
28-0-148 ., 
26-0-149 
26-0-152 .. 
26-0-157 .. 
26-0-163 .. 
26-0-163 .. 
26-0-169 .. 
26-0-176 .. 
26-0-177 .. 
26-0-182 . 
26-0-188 .. 
26-tJ-189 .. 
26-0-191 . 
26-0-193 . 
26-0-194 . 
26-0196 . 
26-0199 . 


Bcsistaut Suseeptible 
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= 
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= 

1 



X 

+ 
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+ + 
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X 
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X 

+ 
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X 
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+ 

1 


X 


= 

1 



X 

— 
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X 



= 

1 



X 

+ 

1 
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X 


= 

3 



X 

+ 

1 


X 


=; 

1 



X 

= 

1 



X 
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2 



X 

+ 
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X 


4- 

0 


X 


+ 

4 


X 


= 

1 



X 

= 

1 



X 

— 

2 
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1 



X 


1 



X 


X 


X 

X 


X 


X 

X 


XXX Highly 

Rnaccptible 
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26-C-204 

26-C-211 

26-13-213 

26-C-216 

26-C-219 

26-C-222 

26-C-226 

26-C-228 

26-C-235 

26-C-237 

26-C-240 

26-C-241 

26-C-245 

26-C-249 

26-C-260 

26-C-254 

26-C-258 

26-C-259 

26-C-201 

26-C-263 

26-C-204 

26-C-266 

26-C-267 

26-C-268 

26-C-270 

26-C-374 

26-C-277 

26-C-292 


14, 27-C Varieties: 

27-C-289 .. 
27-G-340 .. 
27-C-346 
27-C-872 .. 
27-C-376 .. 
27-C-378 .. 
27-0-446 .. 
27-0-452 .. 
27-0-433 .. 
27-0-483 .. 
27-0-485 .. 
27-0-648 .. 
27-0-549 .. 
27-0-656 .. 
27-0-667 .. 

15, 23-Q Vajieties: 

25- Q-l .... 

26- Q-ll ... 


Sesistnnt Susceptible 




& 

a 

Hi 


+ + 



3 
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‘3 

si S 

H C5 

a & 



^ to 

H r* 

go® 

Sas 

2 



1 

X 



1 

3 


2 

1 

1 

1 

1 

1 

1 
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+ 3 

+ 1 

+ + 1 

= 1 

— 2 

+ + 2 

= 1 

+ + 1 

+ + 1 

-f + 4 

+ 1 

+ 2 

= 1 


X 

X 

X 


X 

X 

X 

X 

X 

X 


a 



X 

X 


X 

X 


X 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 


X 


+ + 1 X 

+ + 1 X 

+ 1 

+ + 1 X 

+ 1 

+ + 1 X 

+ 2 

+ 1 

+ 1 

+ + 1 X 

+ 1 

+ 1 

+ 1 

+ 1 

+ 1 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


+ 1 

+ + 1 X 


X 


Group IV 
X Iliftlily 
Susceptible* 
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25-Q-18 

25-Q-23 

25*Q-7n 

25-Q-73 

25- Q-79 
23-Q-llO 

26- q-119 
25-Q 126 
25-Q-156 
25-Q-214 
25.Q 224 



16. Ewa Varieties: 


Ewal77 + 2 X 

■ 199 4 X 

325 + 1 X 

' 371 + 1 X 

633 4-+ 4 X 

* ^ t)Oij 4* 6 X 

566 ++ 1 X 

'' 569 4+ 3 X 

“ 370 + + 4 X 

580 1 X 

" 607 — 3 X 

'' 608 4 3 X 

' " 609 4 3 X 

- 610 = 3 X 

“ 611 4 4 X 

“ 612 = 3 X 

* " 613 = 3 X 

“ 614 = 3 X 

615 = 3 X 

“ 616 4 4 4 X 

'' 617 = 3 X 

“ 618 4 3 X 

* 619 4 3 X 

'* 620 44 3 X 

" 621 4 3 X 

622 3 X 

* 623 — 3 X 

* '' 624 .— 3 X 

* “ 625 4 X 

* 626 =: 4 X 

* “ 627 = 3 , X 

'' 628 4 3 X 

* 629 3 X 

* ‘‘ 630 3 X 

" 631 — 3 X 


Susceptible 



U7 


Ewa 630 

- '' 800 

'' 801 

802 

803 

‘‘ 804 

17. Wftialua Vaiietioa: 
Waialua 1 


3 

4 


6 .. 

7.. 

8 .. 
9 .. 
10 . 
11 . 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20 . 
21 , 
22 , 
23. 
24 
25. 
26 

27. 

28. 

29 

30 

31 
32. 

33 

34 

35 

36 

37 

38 

39 

40 

41 


Ecsiatant Suscci>ti1jle 
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Equal to II 109 
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Bosistant Susceptible 




Index Sign 

Number of 
Observatior 

Group I 
Highly Bea 

Group II 

Moderately 

Besistant 

Waialua 

42 

+ 

1 


X 

it 

43 
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X 

it 

44 

+ + 
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it 
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+ 
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it 
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it 

49 

+ 
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it 
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+ + 
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+ 
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it 

57 

+ 
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Sosceptihlc 


Waialua 90, 
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.2 
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18. Wailuku Varieties: 

•Wniluku 1 + 

2 + 

3 + 


3 

1 

1 


X 


X 


Gionp IV 

Highly 

fluHpeptilil' 
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Bealsiaut 


Bnseeptiblo 
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iaecllancous Varieties: 






Grove Farm 84 

= 
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X 
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X 


llonnum 
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tt 
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1 1 
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= 
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= 
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X 




Koloa X2 + 

‘‘ X8 4- 

Llhuc Plantation Varieties: 

Ii. P. 9 + 

L. P. 14 + 

L. P. 26 = 

Ii, P. 27 + 

Ii. P. 34 + 



Eesifltant 


SnsceptiMe 


% 

OQ 

1/ 


L. P. 36 — 

li. P. 38 + 

L. P. 40 + 

L. P. 40 — 

L. ]>. 60 + 

L. P. 65 + 

L. P. 91 + 


Mnkec Varieties: 

Kealia 1 (K. M. 1) = 

K. M. 1-5 — 

K. M. 1-7 — 

K. M. 1-13 — 

K. M. 2-1 -> 

K. M. 2-3 — 

K, M. 2-8 = 

K. M. 2-10 + 

1C M. 4-3 = 

K. M. 4-10 — 

Makaweli Varieties: 

Mak. 1 = 

'' 3 + 

“ 309 

476 = 


MeBryfle Varieties : 

MeB. ‘‘H” -- 

1 — 

4 + 

'' 5 — 

- ‘‘ 6 + 

“ 8 + 

Waimanalo Varieties: 

Nalo 13 = 

31 H- 

44 ’ + 

Oaomea H 109 == 

Onomca 2 + 

Paia P + 

D = 

“ 71 — 

76 = 

160 == 
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X 



4 



X 

2 

X 



1 


X 


2 

X 




2 


X 


6 

X 



6 

X 



1 


X 


1 

X 



4 

X 



1 


X 


2 



X 

1 


X 


3 


X 
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Paia 163 
180 

“ 186 


Bosistant Suaccptiblo 


OQ 

3 

o 

O- 

h e! 

ee 

« s 

Oi 

o 

iH 

mW 

o 

> 3 

H 


Sj > 

1 ^ 

o '3o 

p, ^ 

^ « 

g|£ 

n 



pTiO 


ew 


+ 

+ 

2 

5 

5 


X 

X 


X 


Paauliau 1 . , . . 


+ 


X 


Puuiu»no 230 


+ + 1 X 


Waipio 7 + 4 

** 8 + 4 

** 152 + 1 


X 

X 

X 


Waipahu 

30 

+ + 

1 

X 


tt 

31 

+ 

1 


X 

it 

35 

+ 

1 


X 

i t 

36 

+ + 

1 

X 


tt 

,51 

+ + 

1 

X 


it 

81 

+ + 

1 

X 


tt 

89 

+ + 

1 

X 


tt 

97 

+ 

2 


X 

it 

129 

-h 

2 


X 

tt 

137 

+ 

1 


X 

ti 

152 

+ 

1 


X 


Part II 

Cane Varieties in Relation to Brown Stripe Disease 


The earliest extensive publication on brown stripe is tlie work of Paris (1) 
in which he differentiates between three Hchninthosporiiim leaf diseases of sugar 
cane in Cul)a. In this paper he points out the differences between eye spot and 
brown stripe diseases. Drechsler (2) reported at the meeting of tlie American 
Ph)rtopathological Society at Nashville, Tennessee, the occurrence of brown stripe 
in Cuba, Georgia and Florida and provisionally named the causal organism, 
Hchninthosporium stcnospihtm n. sp. Martin and Agee (3) in October, 1928, 
pointed out the resemblance of the leaf disease appearing at Waialua Agricultural 
Company, to the disease designated by Paris and Drechsler as brown stripe disease 
of sugar cane. Cultural work on the organism has been conducted by Martin, and 
the organism isolated from typical brown stripe lesions on H 109 leaves collected 
at Waialua agree<l with the description of H. stcmspiUnn Dredisler. 

It has been observed that many of those varieties which have shown definite 
resistance to eye spot disease have suffered considerably from attacks of brown 
stripe disease. There is some evidence to show that field conditions which make 
for poor cane growth favor brown stripe infection. Germination of the spores 



133 


and subsequent leaf infection is, however, dei^endent upon the presence of ade- 
quate moisture on the leaf surfaces. As Paris fl) points out in his work, “Brown 
stripe l^ecomcs destructive during periods of dry weather when the vitality of the 
cane is lowered . . The most severe outbreaks of brown stripe disease in 
Hawaii, have usually occurred on the less fertile fields and have been most notice- 
able during the drier summer and fall months. The severity of brown stripe 
disease on H 109 is being recognized in several areas. Further investigations of 
brown stripe disease are under way at this time. 

The relative su.sceptibility of certain varieties to brown stripe disease has l)een 
observed and noted from time to time by meml)ers of the Station staff during the 
pa.st year. The following list of canes has lieen arranged in much the same 
sequence as lias lieen used in the listing of canes in relation to their resistance and 
susceptilrility to eye spot disease. The list does not include as many canes as are 
tabulated in Part I of this paper, and includes only those canes on which several 
observations have been made. The list follows : 


INTRODUCED AND STANDARD CANES 


P. O. J. 36 

P. O. J. 23-4.. .. 

P. O, J. 836 

P. 0. J. 970.. . 
P. 0. J. 3221.... 
P. 0. J, 27U.... 
P. 0. J. 2S78. . . . 

R. W. 3 

II 109 

D 1185 

Badila 

Yellow Cnlctlouiti 

Yellow Tip 

Striped Tip , , . , 
Uba 


Sliglitly affected 
Severely affected 

<C <€ 

tt €C 

CC <C 

Slightly affected 
Severely affected 

It ti 

Moderately affected 

te it 

Severely affected 

a ti 

Slightly affected 

tt tt 

Moderately affected 


HAWAIIAN YARIETTES 


H 146 Severely affected 

n 6909 * Slightly affected 

H 5919 Severely affected 

20-8-18 '' 

30-8-19 


H 81860 
n 80374 


H 8962 “ 

H 8964 “ “ 

H 8961 Slightly affected 

H 8965 ^Eoderately affected 

H 8988 Severely nffoetod 

H 8994 Slightly affected 

H 9806 “ 
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Ewa 371 

‘‘ 628.... 
Kohala 107 . 
‘‘ 202 . 
Manoa 198.. 

300.. 
Makfiweli 3 . 

Pnia P 

130.... 
'' 186.... 
Waialua 1 . . 
" 4 .. 

“ 8 .. 
Wailuku 11 . 
12 . 

Waipaku 129 

26- C-24 .... 
25-0-31 .... 

27- C-306 ... 
27-C-340 ... 
27-0-372 , .. 
27-0-376 . .. 
27-0-391 . . . 
27-0-636 . . . 


Severely affected 

(( tt 

Slightly affected 

(I It 

tt ti 

f • It 

tt it 

tt ti 

tt tt 

Severely affected 

tt a 

Slightly affected 

tt it 

Severely affected 
Slightly affected 
Severely affected 
Slightly affected 
Severely affected 

(f (( 

tt it 

tt tt 

tt tt 

tt ft 

ft tt 
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Sugar Prices 


96° Centrifugals for the Period 
September 19, 1929, to December 13, 1929. 


Date 


Per Pound 

Per Ton 

Bemarkfi 

Sept. 

19, 

1939 3.90^ 

$79.20 

Porto Bicos, 

n 

20 

3.96 

79.20 

Porto Bicoa. 

t e 

24.. 

4.03 

81.00 

Porto Bicus, 4.02; Callus^ 4.08. 

t ( 

23.. 

4.08 

81.80 

Cubaa. 

Oet. 

8.. 

4.05 

81.00 

Cubas. 

1 ( 

21.. 

4.02 

80.40 

Cubaa. 

< t 

28.. 

3.89 

77.80 

Cubaa. 


29.. 

3,83 

76.60 

Cubaa. 

Nov. 

1. 

3.74 

74.80 

PliUippinea. 

(C 

7.. 

3.74 

74.80 

Pbilippiuea, 3.71; Cubua, 3.77. 

1 1 

12. 

3.71 

74.20 

Cubaa. 


16.. 

3.77 

75,40 

Cubas. 

it 

19 . 

3.71 

74.20 

Cubaa. 

i c 

22.. 

3.77 

75.40 

Porto Bieua. 

tc 

25.. 

3.723 

74.50 

C^bas, 3.74, 3.71. 

te 

26.. 

3.88 

73.60 

Chibas. 

Dee. 

o 

3.74 

74.80 

(\ibaa. 

t < 

3. 

3.71 

74.20 

Cubas. 


10. 

3.74 

74.80 

Plulippiuea. 

It 

11. 

3.77 

73.40 

Porio Bieos. 

tt 

13. 

3.83 

76.00 

Pliilippiuoa. 
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In This Issue: 

Plot Replications in Field Experiments 

The errors to which field experiments are subject are classified into various 
groups according to the cause of the error. Some errors tend to be compensating, 
others are not The influence of plot replications in reducing the effect of errors 
of different sorts on jaeld accuracy is dealt with matliematically from the stand- 
jioint of “probable error.” It is shown that there is much to be gained in accuracy 
by increasing within certain limits the number of plots of each treatment, provided 
that the nature of the soil to which the field trial is thus extended, does not, of 
itself, induce greater eirors than the replication of plots tends to cover. 


1 ysinieter Experiments and Base Exchange. 

Chemical and physical reactions in base replacement and the results of corrective 
treatment are frequency confined to ronsiderations invohnng surface soil phe- 
nomena. In this issue will be found a discussion of the drainage products ‘of 
replacement reactions. The functions of nitrogenous fertilizers in relation to soil 
acidity are also discussed. 

Sugar Cane in Relation to Drought Resistance 

The osmotic concentration of the tissue fluids of seven sugar cane varieties 
was measuied by determining the freezing point depression, i. e., the diflPerence 
jietiveen the freezing point of the tissue fluid and tliat of pure water. From the 
results of the investigations tlieie appears to lie a correlation between the osmotic 
concentration and drought resistance. Uba cane is no doubt the most drought- 
resistant variety in Hawaii and it has the greatest freezing point depression and 
highest osmotic concentration of the varieties studied. Lahaina cane, whicli has 
<1 low freezing point depression and osmotic concentration, is without question very 
s«>nsitive to drought. 


Influence of Irriyation ll’afer on Island Soils' 

On our plantations v^hich are irrigated with artesian water, some fields have 
heen reduced in fertility by salt accumulations and lowered permeability. Such 
‘oil conditions are known to follow abnormal changes in the composition of the 
soil solution and of certain silicate components of the clay known as zeolites. We 
have made a study of fields of an irrigated plantation, paying special attention to 
these factors, using as a ba.sis for the investigation new developments in soil science 
both on the mainland and in Europe. The results of our investigation have shown 
the cause of low permeability of some irrigated fields and yielded methods of avoid- 
ing further recurrence of such conditions and of improving the texture of fields 
already reduced in peniieability. A comparative study of irrigation waters ivith 
many mainland waters gave information which greatly aided in the interpreta- 
tion of field conditions under study on ( )ahu. Mainland investigators have shown 
that soil permeability may be efficiently controlled through a knowledge of the 
composition of the irrigation water and of the toil zeolites. (Jur studies tend to 
confirm this. 

Annual Synopsis of Mill Data: 

The 1929 Annual Synopsis of Mill Data is included in this issue. In addition 
to the usual tabulations and discussion of technical results, capacities of factory 
equipment are presented in this S 3 mopsis. The 1929 Synopsis has been published 
separately as Circular 54. 
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Egyplian View; 



The suf^ar refinery at ^aT^a’r»lIell, on the banks of the Nile, that himlles 
the output of six factorie*-. The taetoiies anil refinery beinjsr under the 
sale onneiahip, the ran sus:ai has a high polarization, much of it o\er 99, 
thus enabling it to enter the refining process -without affinatiou. The crop 
in the fore^iound is Milo maize. 



The principal cane vaiielies of Bgypt aie the P.OJT. canes of Java, On 
the right is P.O.J. 105, on the left P.O.J. 979, a cane which is apparently 
immune to the streak disease that abounds in all African cane districts. 





1+3 



The gieat dam of A^aian Tihicli eiusea the flood tv ittis of the Nile to 
be unpoiindcd to a diatxice of 175 miles to the south theieby enabling the 
flow ot the in Cl to be regulated in the dij sea'^on so that iiiigation miT 
be mamt lined 



Neai A^'uan the Talley of the Nile dwindles to nothing and th« cliffb of 
the lesert oveihang the rner 






The Assuan ies*»i\oi' seen tliiough the pylons of Philie looiterl on an 
islinil ot the ii^ei Ihe highnatei line can be seen in tli (listiuce an*! 
in the foiegiour*! in«l on the temple itself T^hen the * am is incieasLil 
in height bj IS feet as non planiie*! Philae n ill be cimpletih submerge*! 
in the nmtei «ea&ou 



^ile ii\ei boats 
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A. fcld of " cue liowiinj iiiigat oi difrcli 



PO J 1C5 Iho g O’ath m ficat of these field gn«u ’s ib a wild glass 
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Tiaflie on an Egjptian roadwaj 
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Saccharum ipontanfum growing wild neai Cauo 








SugiT cane \aiitt> plots 



Cotton, tli» principal crop of Ei}>pt, bns been the aubiect of mucb leaeaicli 
on the part of the Bo>al A^iicnltural Society 







145 



A prixrit^e mears of lifting watei common in Egypt, although the 
modem pumping plant likewise exists 
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The temple of Kainak 
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R O. J. 36 

P. O. J, 36 is being widely planted on Hawaii and Kauai, especially in ai-eas 
where the rainfall is ample. 

The total area planted in 1927 on the four islands amounted to only 103 acres. 
The 1929 plantings amounted to 2922 acres. Through the cooperation of the plan- 
tations, the plantings to be made in 1930 have been forecasted. The island of Ha- 
\\aii leads with 2572 acres in prospect, followed by Kauai with 1382 acres. These 


IlAWAII: 

Hakalau 

Hamakua Mill 
Hawaiian Agr. 
Hawi MiU .... 

Hilo 

Honokaa 

Hononii 

Hnteliinaon . . . 

Kniwiki 

Koliala 

Lau})ahoehop . 

Niulii 

Olan 

Onoinea 

Paauhau 

Pepeekeo . . . . 
Union Mill . . . 
Waiakea Mill . 


Total . . 

Maui: 

H. C. & S. Co. 

Kaelcku 

Maui Agr. 

Olnwahi 

Pioneer Mill . 
Wailuku 


Total 

Oahu: 

Ewa 

Honolulu Fltn. . . 

Kaliuku 

Laie 

Oahu Sugar Co. 

Waialua 

Waiauae 

'W’aimaualo 


Total 

Kau.u:: 

Grove Parm 

H.iwaiinn Sugar Co, 

Kokaha 

Kilauca - 

Kipn 

Koloa 

Lihue 

^lakee 

MeBryde 

'Waimea 


Grand Total. 


Acres 

Acres 

Acres 

Acres to 

Planted 

Planted 

Planted 

he Planted 

1927 

1928 

1929 

1930 


.... 

22 

200 

’ i 

i2 

.> 

25 

.... 

.... 

16 

130 

24 

(50 

70 

100 

.... 

1 

0 

75 

37- 

171 

1S7 

225 


1 

20 

200 

"ii) 

09 

170 

300 


.... 

1 

5 

. . . 

.... 

5 

90 

.... 

.... 

3 

35 

. . . 

.... 

4 

12 

.... 

2 

34 

325 

.... 

6 

123 

260 

11 

43 

267 

300 

.... 

.... 

.... 

10 

— 

1 

8 

SO 

S3 

366 

944 

2572 

.... 



* 4 

*20 

— 

’"l 

"ih 

— 

— 

— 

— 

’4 

0 

i 

17 

24 


*’26 

56 

*25 



o 

40 



.3 

25 



3 

— 


"hi 

375 

hho 

0 

57 

441 

340 

— 

11 

46 

160 

.... 

0 


’*25 

. • • 

9 

155 

100 


70 

77 

140 

.... 

102 

236 

100 

5 

102 

628 

339 

.... 

S4 

274 

453 

.... 

4 

104 

65 

20 

387 

1520 

13S2 

103 

811 

2922 

4818 


* Planted by Pacific Sugar Mill. 
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Replication of Plot Treatments in Field Experiments 


By R.\lph J Borden 

We have heard considerable, duringf recent discussions of experimental plot 
teclmique, concerning the matter of replication of treatmeii'^s in our layouts for 
field experiments. Our attention has frequently been called to the wide range in 
\ields which have been obtained from even those experimental plots w’hich have 
had presumably identical treatment, and most of us have learned to appreciate and 
take cognizance of the experimental error which is included in the results of our 
field tests. We have cone to realize tliat a small experimental or probable error 
attached to our results is synonymous with their reliability and gives us greater 
confidence that w'e can produce similar results again. This feeling of confidence 
is particularly evidenced w'hen many replications of any particular plot treatment 
give us yields that are accompanied by low' probable errors. 

W. P Alexander has pointed out that there are certain unavoidable as w-ell 
as controllable errors which create varying conditions in our test plots, and he sug- 
gests consideration of measures of proper technique and control. Messrs. Greene 
and Wolters* have briefly outlined some of the errors in our experimental plots 
which may affect results. Since the idea of plot replication is so closely tied up 
with this question of errors, an analysis of these errors is desirable. 

Errors of Location: (1; Perhaps the most variable factor that w'e have to 
deal with in our test plot work, is the extreme soil heterogeneity w'hich we encoun- 
ter in our cane fields. This variation in the soil conditions may take the form of 
a difference in the inherent fertility, in drainage, in the w^ater-holding capacity, in 
depth, exposure, or in former treatment, and it is not alw'ays evident to the eye 
when w'e “select a imiform piece of land for the experimental area." Nevertheless 
the difference is there, and must be considered as perhaps of major importance 
when we interpret our experimental results, for it may in reduce an error that not 
only affects the results of one crop, but persists through following crops, and gives 
us false ideas of confidence. 

(2) Plot competition may bring into our results another error w'hich persists 
throughout the life of the experiment. Naquinf has given us some excellent ex- 
amples of this fact, and in general, it has been given some consideration in our 
tests laid out on the unirriga'ed lands. It still is an error factor w’hich exists in 
our irrigated plots and as such must have our attention in developing an improved 
technique for conducting field experiments. 

Errors of Preparation atuf Plauiing' In any field test, it is essential that W’e 
have comparable stands within the individual unit plots w'hich make up the test 

* Mimeographed papers submitted to members of the Committee on Experimental 
Technique of the A. H. S. T. during 1929, 

t Bawauan Planters^ Peeord, VoL XXXHI, p. 421. • 
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area. Differences in plowing, in furrowing out, in width between lines, in cleaning 
out the lines for planting, in seed used, are apt to result in an uneven stand or 
growth of cane, which may possibly introduce errors too large to be compensating 
ones, even though larger plots and many replications are employed in an attempt to 
distribute the effect of such errors. 

Errors During Progress: After a uniform stand has been obtained in the test 
plots, the many operations that are yet necessary before the crop is mature arc quite 
likely to introduce more errors. Inaccuracies in weighing out fertilizers and un- 
evenness in their application, differences in the amount of water applied to in- 
dividual plots by irrigation, variations in weed control work or in other cultural 
operations, as well as attacks of insect pests, disease, and rat damage, all un- 
doubtedly have their effect on the plot yields. These are ^seldom as large as the 
errors previously mentioned, and are such that perhaps their effect can be dis- 
tributed and thereby reduced by replicating the varieties of the experiment. 

Errors During Han^est: Harvesting errors are generally due to: (1) the 
difficulty of an accurate separation of a tangled mass of cane stalks at the edges 
of the plots, (2) the failure of the cutting gang to cut stalks off uniformly at base 
and top, (3) inclusion of considerable trash with, cane sticks. With sufficient 
replications of each plot treatment, it is quite possible that because of the large 
luunber of individual plants we have in each plot, these errors are of that class 
which are called compensating and they are not apt to affect one series of plots 
any more tlian another. 

Errors During Transportation; Errors of Jl^cigliiug; Errors in Measuring 
Areas: No matter how careful our experimental technique is in the field, it avails 
us little unless we can seaire accurate weights of our product and express these in 
comparable and usable terms. Errors which are due to loss of cane sticks in 
transit from field to scales cannot ]ye called compensating errors. The effect of 
inaccuracies in weighing and deteniiining net cane weights cannot be eliminated 
from the plot results ; they must therefore be avoided. Errors in measuring areas 
are avoidable and should have no place in our experimental work. 

Relative Importance: From this analysis of the errors that get into our ex- 
perimental results, it would seem that the variations in soil, the plot competition, 
and the incomparable stands make up for the greater part of die experimental 
error which accompanies our field test work. How, then, can we reduce the effect 
of such errors? 

Replication: The literature on experimental technique contains many state- 
ments to the effect that replications are extremely valuable in reducing the errors 
that get into field experiments, and considerable data are available which seem vo 
bear out such statements. 

It is rather difficult to accept such statements, widiout qualihdng them. In a 
general way, there is no question but that errors which get into our experiments 
during their progress and at harvest time, can be so distributed over a number of 
plots, that their effect upon the yields from any particular group is negligible. On 
the other hand, it is very difficult to conceive of replication being of value in 
reducing that error of location, which is due to plot competition. If an A plot 
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receiving 75 pounds of nitrogen is replicated adjacent to a C plot that is getting 
225 pounds, in our usual series layout with watercourse plots, it is hard to believe 
that those plants at the ends of the 35 or 40 rows in the A plot will not reach across 
the watercourse and help themselves to the more abundant nitrogen supply of 
the C plots, thus introducing an error which cannot be affected by the usual method 
of replication. 

Until such time as we have data to prove that we are justified in correcting the 
results of our test plots to allow for variations in stand thereon, we can perhaps 
reduce the effect of this error by using a sufficient number of replications of each 
treatment and making our plot areas large enough to distribute such inequalities. 

It is with that error of location which is due to soil variation tliat this question 
of replication l)ecomes paramount, and fortunately, one of our recentl}’’ har^'ested 
uniformity tests, offers us figures for an intensive study. 

The interesting manner in which the prol)al)le errors of a series of plots may 
change as tlie number of plots is increased, is clearly shown in the Uniformity or 
Blank Test harvested at Hakalau Plantation in 1929. 



Column I 


II 


m 


rv 



Plot 

T.C.A. 

Plot 

T.C.A. 

Plot 

T.C.A. 

Plot 

T.C.A. 


Eow A 

1 

99.3 

14 

99.6 

27 

106.2 

40 

90.2 


B 

2 

98,8 

13 

77.5 

28 

94 3 

41 

82.7 


a 

3 

82.3 

IG 

90.3 

29 

91.6 

42 

85.0 


D 

4 

77.8 

17 

83.6 

30 

88.5 

43 

90.7 

Individual plots 

E 

5 

79.6 

18 

82.9 

31 

88,2 

44 

S1.8 

30'x75', contain 6 

P 

6 

75.9 

19 

86.5 

32 

87.5 

45 

87,8 

rows of cane. 

G 

7 

81.1 

20 

72.7 

33 

81.1 

40 

80.0 

All treatments uni- 

n 

8 

78.6 

21 

78.4 

34 

78.0 

47 

73.1 

form to all plots. 

j 

0 

68.6 

22 

68.9 

35 

79.2 

48 

87.5 


K 

10 

70.7 

23 

67.0 

36 

72.7 

49 

75.2 


L 

11 

77.0 

24 

73.7 

37 

73,1 

50 

86.8 


-m: 

12 

82.6 

25 

94.2 

38 

88.7 


92.5 



Layout of Hakalau 1929 Blank Teat. 


Starting with a series of four plots in Row D, we find their mean yield (Y) to 
be 85.1 tons of cane. To this mean is attached a probable error (PEm) of 1.929 
tons, while the probable error attached to any single one (PEs) of the four plots 
in Row D is 3.858 tons, or 4.5 per cent of their mean yield (PEs per cent). 


Eow 

Plot No. 

Yield 

(d) Differ- 
ence from Y 

as 

D 

4 

77.8 

7,3 

53.29 

D 

17 

83.6 

1.5 

2,25 

D 

30 

88.5 

8.4 

11.36 

1) 

43 

90.7 

5.6 

81.36 


Uoan Yield (Y) 

340.6 

4 ~ 

R5.1 

98.46 = Sd2 


PEm 


= .6746 \| 

= .6745 Y 
3.920 


n(nr-l) 


98,46 

4x3 


PEs = .0745 

= .6745 
= 3.858 


V 

V 


2(12 
n-1 
98 46 


PEs % = 


PEb 
Y 

85.1 

== ,045 or 4.5% 


3 
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Now, if we are to provide for more replications of our plot treatments, we must 
extend our total experimental area to allow for sama. In consequence, we may 
take into our test additional soil variations, thus adding new errors. 

Suppose, for example, that we now double the area of plots in Row D by 
adding the four adjacent plots in Row E. 

A study of the next table shows that in this case the increase in the expeii- 
mental area that was made to provide for additional replications was responsible 
for distnbuting the experimental errors in such a way that their effect on the 
results are considera1% reduced. The additional area did not introduce a larger 
error for the individual plots, and we may assume that the soil condi ions in die 
four plots of Row E were not widely different from those in Row D. 


Row 

riot No. 

Yield 

d 

d-J 

D 

4 

77.8 

03 

89 6) 

D 

17 

88 8 

.5 

.25 

D 

30 

88.5 

44 

19 36 

T) 

48 

90.7 

6.6 

48.56 

E 

5 

79 6 

15 

20.2o 

E 

18 

82.9 

12 

1.44 

E 

31 

88.2 

4.1 

10.81 

E 

44 

81.8 

2.3 

5 29 



673 1 

(Y) = 8U 

Sd-s 

= 146 61 


S 

PEm = 1 085 PEs = 3.08i PUs Vf = S.Oyr 

A further addition of the next twelve plo's in Rowa F, G and H wall give us 
a total of 20 pUits, and allow for further replica ions. Here again, this additional 
area, although it introduces sod variations which slightly increase the probable 
error for any one of the 20 single plot& over that for the 8 single plots, gives us a 
more relialde test area than the four onginal plots would have furnished, and ihe 
error of the mean yield is as w’e would expect, still further reduced. 


Row 

Plot No. 

Yield 

d 

dis 

3) 

4 

77.8 

3S 

14.44 

B 

17 

S3 6 

20 

4.00 

B 

30 

88 5 

69 

47.81 

B 

43 

90.7 

91 

S2.8L 

E 

5 

79.0 

20 

4.00 

E 

18 

82.9 

1.3 

1.69 

E 

31 

88.2 

66 

43.56 

E 

44 

81.S 


.04 

E 

6 

75 9 

5.7 

32.49 

E 

19 

86 5 

4.9 

24.01 

E 

32 

87 3 

50 

34.81 

E 

45 

87.8 

62 

38.44 

G 

7 

81.1 

.5 

.25 

G 

20 

72.7 

89 

79.21 

G 

33 

81.1 

.rf) 

.25 

G 

46 

80.0 

16 

2.36 

H 

8 

78.5 

31 

9 61 
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Kon 

Plot N’o. 

TiuM 

d 

a-i 

11 

21 

78 4 

32 

10.24 

11 

34 

78 0 

3 6 

12.0fi 

11 

47 

73.1 

S5 

72.23 


im 7 


Mean Yu*Vl (Y) = SI 6 

2d-J = 515.2, 1 

20 



PBm = .910 PE& = 3.507 PEs = 4.2</r 

With this total of 20 plots, we note in the area of land thus covered, a remark- 
al)h lo\N proliahle error for a single plot, and it must be concluded that these 
twenty plots are located upon verj uniform soil and under similar soil conditions. 

The addition of four more plots in Row J, gives us an example of the limit to 
the reduction in probable error wdiich nny be reached by leplicatlng the plots, 
when a large par. of this error is due to soil variation. 

Summarizing, as heretofore, the yields and differences from the mean yields, 
for the 24 plots in Row's D, E, F, G, H, and J, we have the following: 

1937.9 

Mean Yield (Y) == = 80.7 Sd-* = b6S 63 

24 

PEm = .8-13 PBa = 4.141 PEa % = 

Although the probable error of the mean yield of these 24 plots is further re- 
duced, since the total error is now' distrilmted over more plots, the increased area 
w'hich Row' J has added, has brough into the experiment some wdde d’fferences In 
inherent fertility, as show'ii l)y the increa«?ed probable error for the single plots. 

This possibility can be still more fordbh brought to our attention if w'e now' 
double this area by adding to these 24 plo s, the rest of the plots (in Rows K, L, 
jM and C, B, A) of the total “Blank Test'* area studied. The 48 plots wdll show 
a summarization as follows : 

Mean Yield = 83.1 = 3722.95 

PEm = .795 PEa = 6.003 PEa = 7.2‘/r 

All of W’hich points to the fact that there is much to be gained in reliability 
of experimeu al results by the replication of plots, proznded that the increased 
area w'hich is thereby needed, does not by itself add a greater error wdth its soil 
^mriation than the replications can distribute. 
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An Interpretation of Results of Lysimeter Exp)eriments 
of Twenty Years Ago in the Light of Present-Day 
Knowledge on Base Exchange 


By W. J. Habtung and F. E. Hance 

The theory of base exchange founded on the work of Way, Leniberg. Van 
Bemmden, Knop, Hissink, Geclroiz and Kelly and corroborated later by a great 
number of other investigators has made more intelligible the behavior of the 
various salts used and kno\vn as commercial fertilizers. 

Thus, Pierre (1) working with a number of nitrogenous fertilizers made a 
critical study of the theory as applied not only to ammonium sulphate but to other 
fomis of nitrogen as well. The particular subject on which Pierre desired clari- 
fication was that of induced soil acidity. He has so ably presented the view of 
investigators leading up to the subject of base exchange in relation to this induced 
soil acidity caused by certain nitrogenous ferLilizers, that we may quote here in its 
entirety that portion of his work on the researches into the literature cited. 

THEORIES REGARDING EFFECT OF NITROGENODS FERTILIZERS ON SOIL 

ACIDITY 

The effect of nitrogenous and other fertilizer salts on soil reaction has heen variously 
explained. Mayer, as is explained in detail by Happen, was probably the first to 
advance a theory regarding their action. He classified fertilizers as beuig physiologically 
acid, physiologically alkaline, and physiologically neutral, depending on whether the plant 
absorbed the basic part, the acid part, or both parts of the salt in its nutrition. He be- 
lieved that because plants utilized the potassium of potassium ehloiidc and not the 
chlorine, this salt was physiologically acid, since it left a residue of hydrochloric acid in 
the soil. On the other hand, sodium nitrate was considered physiologically basic, since 
the plant utilized the nitrate and not the sodium. These ideas of Mayer were substan- 
tiated to some extent by “work with solution cultures, and some field experiments also 
pointed to the same conclusion. 

Breazeale and LeClerc, working with wheat seedlings in solution cultures, found 
that the use of potassium chloride and potasHinm snlfate tended to leave the solution acid 
due to the absorption of the potassium by the plant with the consequent formation of 
hydrochloric and sulfuric acid, respectively. 

Field work with sodium nitrate and ammonium sulfate tended to substantiate this 
viewpoint of Mayer, for these salts were found to decrease and increase the acidity of 
the soil, respectively. Hall explained the effect of ammonium sulfate ns follows: “The 
acidity of the soil where the ammonium salts have been used is due to the attack of 
various molds and other micro-fungi; they seize upon the nitrogen for their owm nutrition 
and set free the acids with w-hich the ammonia was combined. “ 

Rnprecht and Morse in explaining their results stated that the soil absorbs the 
ammonia, or that there is a double decomposition between ammonium sulfate and caleinm 
carbonate, or some other salt, thus setting free sulfuric acid. 

More recent investigations have led to the development of other variously modified 
theories regarding the effects of various fertilizem on soil acidity, especially with respect 
to ammonium sulfate. Thus, Frear states as follows in regard to ammonium sulfate: 
^‘Its continuous use inevitably tends to produce pronounced acidity in the soil. The 
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reasons for this nio not fully understood, although it is clear that it j ields two acids, 
uitiie and sulfuric, hut no l)a‘^c, when nitiified.*^ 

As a result cf the work at B )thamsled winch showed that the addition of ammonium 
chloiide and sulfate to a soil resulted in an almost inimedijito presence of ehloiidcs and 
snlfates comhined with calcium and magnesium in the dialuage water, the new idea that 
two acids aie foimed from ammonium i-nlfatc was expanded. Thus, it is desciibed by 
Whee’er that double decompobition occurs In this icaction, that ainmuma is absorbed 
by the soil, that the sulfate ladicnl unites with the calcium and magnesium to be lost 
from the soil ns such, thereby cauhiug a loss of bases, and that a fuither loss of bas<‘ 
oecurb as n lesult (»f nitiifleation of the ammonia by which proecbs the nitiic acid formed 
unites with bases in the soil to be used up by the plants or lost through leaching as cal- 
cium or magnesium nitrates. 

Ames and fichollonbergei first emphasiz»*d the fact that it is becaubo of the nitri- 
fication x»rucebs alone that amuuuium sulfate caiibcs soils to become acid. They state, 
*‘\Vheu a solution of x^atasbium oi ammonium salt (excexit the phobx>hate) ib In ought in 
contact with a soil, a considerable amount of the base is inpidly lemoved friini solution 
and he^d by the soil while the acid is left in scdutioii, free to attack any constituents of 
the soil whicdi may be solulde. Although some carbonate may be lost in this way, the ..oil 
IS really no poorer in hires than it was bcfo>o, l>ecause whatever has been dissolved from 
the soil has been compensated for by the l)nFe entering the soil. Tn the case of ammonium 
sulfate, however, the nbsoibed base is capable of becoming acid through the pioeess of 
nitrification, and a furthei amount of basic material ndll be removed from the soil.** 

This view has been expanded more fully by Page who ex^dnined it according to 
the inoic recent ideas of base exchange. He emphasized the fact that nitrification is the 
cause of the acidity developed by ammonium hulfate and, furthermore, thit it makes no 
difference in the acidity formed wlic‘ther or not the calcium bulfate lesulting from the 
buse exchange reaction between the amnumiuni sulfate and the calcium comx>!ex leached 
out or remains in the soil. This view that nitiification rather than selective ab8orx)tLon 
of part of the fertilizer salt by the plant is the cause for the acidity developed by ammo- 
nium sulfate i« further substantiated by experiments (H, iO showing that approximately the 
same amounts of acidity are developed whether oi not are growing on the soil for 

tilized with ammouium sulfate. Page believes that the term x^liyaiologicnl acidity, there- 
fore, is not strictly correct, since the action is not caused by the x^mii but la strictly a 
chemical or biological x^i'ucesB. 

Pierre, dra\ring on Page, then proceeds to explain the successive ."'teps when 
aninionium sulfate is added to the soil : 

The effect of acid forming iiitrogcnona fertilizers on the soil can be most easily ex- 
plained, as was done by Page for ammonium sulfate, by assuming that the ammonium oalt 
added undergoes a base exchange reaction “vsdth the absorbing complex. The absorbing 
complex of the soil can be represented by the formula CaX, in which Cn represents the 
various exchangeable bases with which the insoluble anioua, X, are combiued in an ex- 
changeable form. Let it be assumed for ease of discussion that the X can only combine 
with one Oa, When ammoninm sulfate is added to a soil the following reactions take 
place; 

1 . (NH4H SO^ + CaX OaflOi + (NH4)*»X 

2. (NH4)2 S: + Oo nitrification SHNO-j + HoX -f 2H2O 

3 . 2HNO3 -f CaX — >-Ca(N03)^H- HoX 

As a result of the reaction represented in equation 1 it is evident that no acidity 
developed. Moreover, it makes little difference whether or not CaS04 is leached out of 
the soil, for the calcium it contains has been replaced in the exchange complex by another 
base, ammonium. Until nitrification, represented in eq^tion 2, goes on no acidity is 
developed. As a result of nitrification it is seen that two molecules of nitric acid and 
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one inolceu’e of flibnsi* soil acbl arc foimod. The nitiie may furtliei ruact ^\ith 

anothei molecule of CtiX, forming CaNO*j, in whieli form the nitiate may be taken up by 
the plant, and anotkei molecule of HoX formed. Thub, fiom one molecule of ammuuinm 
sulfate two molccnlce of n diba&ic soil acid aie eventually foimcd. These leuctions are 
believed to rcpiC'-eut quite accurately what takes place when ummoniuiu aultate is added 
to a soil, for it is well knoun that the absorption by the soil of the ammonia fium ammo- 
nium sulfate is veiy rapid. 

In considering the manner of development of soil acidity hy additions of 
ammonium sulfate as outlined by Pierre, the absc)ri3tion of basic radicals and acid 
hydrogen hy soil colloids, at the sane time, may also be advanced ; thus in balancing 
P erre's equations and t dalliug the products on both sides of the equality sign, 
we have — 


(NH 4 ):.y 04 -f OaX = 0 aa 04 + (XH 4 ):.X 
eXHOoX -f 40o = 2HNO., -j- HoX ■+• 2HoO 
2nN0.5 + CtiX = OatNO.Oa + HiX 


(NH4)iH04 

-f 2CaX + 

II 

Cl 

O 

CaSOi -h 

Ca(X0 5^2 

-h 2H:.X + 2 H 2 O 

foitilizer 

on soil 
polloid 

bpctL'iinl 

il 

solution 

soil 

solution 

<*hX on -f il 

colloid 

facid) 


The oxidation of the ammonium radical splits off the nitrogen which later 
reappears as the .«olu])le nitrate. The hydrogen which remains is divided equally 
1 etween the water formed in the reac ion and as the active acid hydrogen attached 
to the anion X. 

Thus may it he assumed that the cDmnonly accepted ‘‘add” constituent of the 
sulphate fertilizer (S(J,) is lost through leaching and that the acidity which later 
develops is foimd as the acid complex “H^X”. The adsorbed acid constituent, 
through the electronic attraction of itj hydrogen on the soil colloid, resists leaching 
and perhaps functions in the soil reac ion as a distinct add body. In order to 
remain adsorbed on the soil colloid the concentration of hydrogen as ion must be 
higher in tlie surrounding media than any basic or other replaceable ions. This 
supposition may be met by accepting the very probable fact that the acid complex 
ionizes thus — 

H,X 2H^ + X . 

Hence tlie addity which is finally developed may be traced in logical steps from 
an unlooked-for source in the ammonium or l)asic constituent of the sulfate 
nitrogen fertilizer. 

We may visualize that portion of the soil capable of base exchange as Kerr (2) 
pictures zeolites, viz: crystalline bodies having space lattices, open in structure. 
The hypothetical structure shown below is intended to convey the idea of ex- 
change presented by the above three reactions. No claim is made that the soil 
complex exists as indicated. 

Net result, calcium entering soil solution, oxidation of ammonium in which 
all of the nitrogen enters soil solution as nitrate, half the hydrogen forms water 
and the other half becomes add hydrogen in the complex H^X. 
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from soil 
solution 


into soil 
solution 



Third Step 
Sase 

Rsplacensnt 



from soil 
solution 


into soil 
solution 


Vig. 1 
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Lysi METER Experiments 

Bnllcthis 19, 8 and 37 of the Experiment Station of the HazjJaiian Sugar 

Planters^ Association 

In the first series of the work in Bulletin 19 (3), Experiment- Station soil was 
used in testing the relative rate of nitrification of tankage, fish scrap, hoof meal, 
sulphate of ammonia and dried blood. Tests wdth nitrale of soda and with unfer- 
tilized soil were carried on concurrently. Fresh water was used m the irrigation 
or leaching operation. The time intervening between each successive iriigation 
was 7 days. The initial quantity of water applied was 20 liters per lysimeter ; the 
next three irrigations were at the rate of 10 liters each and beginning with irriga- 
tion No. 5, 15 liters of \vater per lysimeter became the regular dosage. Only deter- 
minations of nitric nitrogen and lime were made on the leachate. 

Data presented bearing on the loss of nitrate nitrogen and lime through leach- 
ing show that although the loss of nitric nitrogen is less in the sulphate of ammonia 
than in the nitrate of soda lysimeter, nevertheless sulphate of ammonia is responsi- 
ble for decidedly heavier losses ot lime. The writers have taken the privilege of 
drawing on the material of tables on pages 11 and 18 of this lysimeter work and 
adding to it somewhat, thus bringing out the points that bear directly on base 
replacement. 

Table ftom Page 11, Bnlletla 19 


NITRIC NITROGEN IN DRAINAGE 
Qxams 



No. 7 

No. 9 

No. 10 

A 

B 

Lrigation 

Check 

Nitiate Soda 

Sul. Ammonia 

Difl. (9 7) 

Diff. flO-7) 

2 

.8SS72 

5.11190 

1.00852 

4.2231S 

.11980 

3 

.40040 

7.88018 

.37140 

7.47978 

—.02900 

4 

.09621 

2.33056 

.25401 

2.23435 

.15780 

5 

.08083 

.42241 

.44622 

.83258 

.33639 

0 

.08109 

.12400 

2.15917 

.04291 

2.07S08 

7 

.10051 

.12008 

1.94087 

.01955 

1 S4636 

8 

.09843 

.13073 

1.80652 

.03332 

1.70809 

9 

.12138 

.13700 

1.91406 

.03362 

1,79268 

10 

.12613 

.14940 

1.72121 

.02327 

1.59508 

11 

.19369 

.19387 

1.11168 

—.00182 

.91599 

12 

.11540 

.19142 

.70231 

.07602 

.58691 

13 

.13257 

.17006 

.33900 

.03749 

.40643 

14 

.12661 

.18737 

.37161 

.06086 

.24510 

15 

.15699 

.18624 

.33129 

.02025 

.17430 

16 

.11147 

.13683 

.24867 

.02336 

.13720 

17 

.12495 

.13369 

.17469 

.00874 

.04974 

18 

.08267 

.08235 

.12032 

— ^.00022 

.03773 

19 

.08231 

.09947 

.11771 

.01726 

.03550 

20 

.07491 

.12264 

.11298 

.04773 

.03807 

21 

.07066 

.08581 

.13952 

.01325 

.05896 

Totals , . . . 

. . 3.27633 

18.01601 

16.58776 

14.73948 

12.31123 


Explanation 

Lysimeter No. 7 containing 188 pounds of Station soil only. 

Lysimeter No. 9 containing 188 pounds of Station soil to the 50-pound surface layer, 
of which 16.3 g. of nitrogen in the form of nitrate of soda had been added. 

Lysimeter No. 10 containing 188 pounds of Station soil to the 50-pound surface layer, 
of which 16.3 g. of nitiogen in the form of ammonium sulphate had been added. 
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Tattle from Page 18, Solletln 19 
LIME C’ONTAINED IN DRAINAGE 
Grams 



No. 7 

No. 9 

No. 10 

C 

D 

Irrigati* ii 

1 

Cheek 

Nit late Rotla 

Sul. Ammuniu 

DifP. (9 7) 

Diff. ^10-7) 

o 

6.05170 

11.04840 

6.05115 

4.90670 

— .00055 

3 

2.99585 

».90277 

3.98652 

6.99602 

.99067 

4 

1.55658 

3.10107 

3.71374 

1.34440 

2.15916 

n 

.76217 

.9460,7 

2,62856 

.18388 

1.86639 

{] 

.40484 

.46046 

2.67746 

—.03438 

2.18S62 

7 

.41693 

.38272 

2.55937 

—.03421 

2.14244 

8 

.30090 

.27456 

2.29059 

—.02544 

1.99059 

9 

.30940 

.28300 

2.33906 

—.02440 

2.02066 

10 

.S4612 

.27272 

1.77927 

,02660 

1.5331.3 

11 

.23707 

,31446 

1.30762 

.07739 

1.13053 

la 

.23026 

.27346 

1.00584 

.04320 

.77558 

13 

.24877 

.23306 

.86900 

—.01371 

.62023 

14 

.23870 

.34991 

.71368 

.11123 

.47498 

15 

.35950 

.48327 

.76734 

.12371 

.40778 

16 

.27125 

.20996 

.66518 

—.06129 

.39393 

17 

.27710 

.20527 

.55301 

—.07183 

.27631 

18 

.22213 

.11340 

.40108 

—.10873 

.17895 

19 

.24403 

.15236 

.40064 

—.09107 

.165fil 

20 

.25286 

.17071 

.37391 

—.08215 

.12105 

21 

.30240 

.16903 

.44188 

—.13337 

.1304S 

Totals . . . 

. . 16 01772 

20.43864 

35.59650 

13.42092 

19.57878 


Eckart (3) does not attempt in this bulletin to give a reason for these excess 
amounts of lime in the leacha'e of the fertilized over the unfertilized check. He 
states: “The fact that for each pound of nitrogen added to this particular soil, 1.2 
pounds of lime were rendered soluble where sulphate ammonia was used and .82 
pomid of lime where nitrate of soda was applied shows that the idea which is 
prevalent in these Islands to the eifect that nitra e is the lime robber, comparatively 
speaking, is unfounded.” 

In an earlier work of the Experiment Station, H. S. P. A., f4) Ivsimeters, 
fertilized and unfertilized, were irrigated with W'ater containing 200 grains per 
gallon of common salt in simulation of plantation practice where salt-bearing well 
wa'er is utilized. The same soil with fresh water irrigation yielded in twenty-two 
irrigations but 24.80 grams of lime, whereas the salt water irrigation resulted in n 
leachate con ainiiig 139.15 grams of lime. Both lysimeters had had applications of 
fertilizer as follows : nitrogen, 20 grams from ammonium sulphate ; K^O, 10 grams 
from potash sulphate; and PoO-., 10 grams from double super. The lysimeter 
having no manurial trea'ment irrigated with saline water of same strength, yielded 
120.22 grams of lime. It is quite apparent that sodiiun chloride in the water has 
acted as the replacing agent and (Na) has taken the place of (Ca) in the soil 
complex. In addition the ammonia radical has behaved similarly, viz., replacing 
more calcium and later on nitrification resul ing in still greater quantities of lime 
going into the leachate. 
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Eckart is quite near to the present day interpretation when he states, “When 
a solution of various salts is allowed to remain in con act with a soil for any length 
of time, the latter exchanges certain of its elements for those in the salt solution.” 

In the hsimeter experiments conducted by Peck (5) on “upland soil,” with 
ni rogen added all as sulphate of ammonia, again as in the previous work a very 
heavy lime content was found in the leachate of those lysimeters which had an 
application of nhrogen in this form alone. Peck in his discussion touches on 
replacement thus : “This increase may have been due to a substitution by the am- 
moma of calcium in the soil, the forma' ion of soluble calcium sulphate and its re- 
covery in the leachings. or the increased nitric oxide formed during nitrification 
combining with the lime in the soil the soluble amount, or again it may be the com- 
1 ined effect of both reactions.” 

Fig. 2 graphically presents tabulated reworked data of columns A and C. The 
plotted values indicate quite convincingly the replacement of the soil calcium by 
the sodium contained in the nitrate of soda. Thus the nitrate nitrogen in vhe 
drainage was wi bout question largely calcium nitrate. 

Ill Fig, 3, where nitrogen was added to the soil in the form of 'immunium 
sulphate, the curves reveal the base exchange step as well as .‘>ubsequent nitrifica- 
tion and a second replacement. Thus we note that although no nitric nitrogen 
appears in the firs', three irrigations, calcium is found in the drainage in relatively 
large quantities. \Mien nitrification is well under way we find that the two lines 
{B and D) all but coincide. Unfortunately, no (SC) ) detenniiiat'ons were made 
on the leachate yet we may visualize the base excliange (Step 1) illus rated in 
drawings above as having taken place at once ynth the calcium making its appear- 
ance in the subsequent drainage waters ^ ery probably in the sulphate form. And 
that on nitrification of the ammonia (Step 2) there follows imnied’ately a furtlier 
replacement ( Step 3) resulting in the presence of calcium nitrate in the drainage 
as indicated by the close correlation of the lime and nitric nitrogen lines. 

Fig. 4 illustrates the nitric nitrogen and lime behavior where ammonium sul- 
pliate had been applied to upland soil. Peck ( 5 ) . The curves represent the excess 
of nitric nitrogen and lime removed through irrigations with distilled water, h’sime- 
ter No. S The method followed by Peck was similar to that followed by Eckart. 
However, ins'ead of tubs, cylinders 2 feet in height and 8 inches in diameter were 
employed. Irrigations were made every 14 days instead of evtry 7 days using dis- 
tilled water as against fresh. Each lysimeter had but 25 pounds of soil and .57 
gram of added nitrogen. Working with these small quantities the curves are 
almost a duplication of those illustrated in Fig. 3. This soil sh()w.» a relatively low 
lime con ent (aspartic acid method) but is very high in total magnesia. Whereas 
the soil used in lysimeter No. 17 nitric nitrogen and lime, curves of which appear 
in Fig. S. bad been previously limed and yielded a high aspartic acid lime content 
in comparison thus : 

A8PAJRTIC ACID METHOD 

Upland Soil Lowland Soil 

Limo (CtiO) 0.035 per cout 0.290 per eent 

SolTilile In Strong Hydrochloric Add (O. A. 0. Method) 


Lime (OaO) .... 
Magnesia (MgO) 


,85 per cent 
2.47 per cent 


.84 per cent 
.84 per cent 



Grams 
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1 h 2 Inne as indicated hy as] arlic acid method is in all proliability replaceable. 
We ma_\ therefore attribute the inegularity in the lime cur\'e, Fig 5, to this hig^h 
replaceable lime. Nitrificat'on, too, was rather rapid, which would account for the 
excessive lime in the leachate when added to that resulting from S ep 1 in replace- 
ment. There is one lime determination, tlie fourth irrigation, much at variance, 
for Avhich apparently no explanation exists All otlier points, with the exception 
mentione 1, when connected up present curv^es that indicate a close relationship ex- 
isting l)etween the 1 me and the nitric nitrogen. 

We have confined our in eq^rctat on to the lime and nitne nitrogen figures 
only. The bulletins referied to contain data on potash in these lysimeter drainage 
waters which likewise present a very interesting study from the standpoint of l>ase 
exchange. For example, a table on page 25 of Bulletin 19, comparing the action 
of different forms of lime, shows that where gvpsum is used in the soil the drainage 
from the 13 'Simeter contains 80 per cent more K^( ) tlian is found in the drainage 
of the ch“ck hsimeter. 

Conclusion 

Although these data, appearing in hulle ins cited, are insufficient proof that ihe 
reactions are those of base replacement, yet they do furnish very striking evidence 
that just such changes have occurred. 

It is evident that a great deal of value may be gleaned through s.udy of old 
lysimeter data; also that still more may he added to our knowledge of fertilizers 
Ijy mure lysimeter experimsiils, w^ell planned and carefully conducted. Lyaimeters 
offer a ready method in base exchange and soil solu ion studies. It is quite 
apparent that to provide for tlioroughness, treatments should be in replications of 
three or more; that there be tests on the degree of acidity or alkalinity of the 
soil and all drainage waters ; that detenninations he made of other ca ions and 
anions, of soil colloids, and of the replaceahles, on the soil and soil solution under 
investigation. This ib particularly important in fertilizer studies. A great many 
of our newer foniis of nitrogen could he tested veiy’ speedily in this manner and 
the information secured would have a practical value as well as an academic value. 

The rearrangement of and deduction made from Eckart’s and Peck’s data at 
this late date for the purpose of illustra ing quantitative replacement phenomenon 
occasion the autliors considerable satisfaction in finding such painstaking accuracy 
in detail and technique in inves igational w’ork of a prerious decade. 
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The Properties of the Tissue Fluids of Sugar Cane in 
Their Possible Relation to Drought Resistance 


By J. Arthur Harrts" and H. Atherton LcEf 

Intr )DUCTI0N 

The factors which determine the differences in the capacities of varieties of 
agricultural plan's to resist drought are so complex that they can he differentiated 
only by cntical scientific experimentation of the most diverse kinds. The impor- 
tance of the prol^lem, both from the standpoint of scientific theor}’ and agricul tiral 
practice, is so great that it justifies everj^ effort to disentangle this complex of fac- 
tors, and to express them in terms of quantitative science. 

Breeding for drought resis ance must remain a purely empirical undertaking 
until the exact physiological and structural factors determining drought resistance 
are actually ascertained 

The purpose of this paper is to present a limited series of determinations made 
on tlic tissue fluids of seven varieties of cane grown under comparable conditions 
on the grounds of tlie Experiment Station of the Hawaiian Sugar Planters’ *Vsso- 
ciation in Honolulu in the summer of 1924, and to suggest the possible bearing of 
the results thus obtained on the problem of drought resistance in cane. 

The theory underhdng the interpretation of these results res s largely on studies 
of the vegetation of climaticall} diverse regions. These must ]ye briefly reviewed 
as a background for the conclusions drawn from these preliminary studies of sugar 
cane. 

From the standpoint of chemical and physiological theory" it might be assumed 
that the capacity of the plant to develop under conditions of aridity or high salinity 
may be in some degree dependent on the osmotic pressure or osmotic concentration 
of its tissue fluids. It is to be assumed that the magnitude of this coiicentra ion is 
a factor of importance in determining the capacity of the plant for the withdrawal 
of water from tlie soil. The pioneer studies of Drabble and Drabble (1) in 
English habitats and of Fitting (2) in the extreme conditions of the North African 
deserts tend to support this view. 

The studies by Drabble and Drabble and by Fitting were carried out by methods 
not capable of ^delding the most precise results. They have been followed by 
measurements made by more exact physical means in a wddely diversified series of 
plant hal)itants. ileasurements of the osmotic concentration of the tissue fluids of 
native plants have been made by the freezing point method in the Arizona 
deserts (3), in the highly saline deserts of the Lake Bonneville Basin (4), in the 
coastal deserts of Jamaica (5), and in the Mangrove swamp ( 6). 

^ Head of Department of Botany, University of Minnesota. 

t Pormeily of the Experiment station, H. fi, P. A.j now with Philippine fSngar Asso- 
elation. 
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These studies, which have been in part reverified by studies on the native 
vegetation of the more arid portions of Oahu, T. H., have shown that the plants 
of arid and saline regions are cliaracterized by a higher osmotic concentration of 
their tissue fluids than those of the moister habitats of the eastern United 
States (7), where electrical conductivity of the sap has also been investigated (8), 
and of the Montane Rain Forest of Jamaica (9). 

The results of these studies have been confirmed by (as yet unpublished) in- 
vestigations in the subtropical jungles of southern Florida, and by preliminary 
studies in the rain-forests of Oahu. 

The results of these investigations, which have been reinforced by parallel 
studies on the osmotic concentration (10) and on the electrical conductivity (11) 
of the tissue fluids of epiphytic plants, i. e., of the so-called “air plants," fully 
justify the conclusion that the capacity of the plant for withdrawing water from 
and or saline soil is in some degree dependent on the concentration of its tissue 
fluids. They early led to the conclusion that physicochemical measurements on the 
plant tissue fluids should play an important role in plant geographical investi- 
gations (12). 

If this conclusion be valid, it should be found that the osmotic concentration of 
the tissue fluids of parasitic plants is higher than that of the hosts. This is the 
conclusion reached by Semi (13) and by wholly independent studies of our own 
on the osmotic concentra ion of rain-forest (14) and desert Loranthaceae (15) 
parasitic on various host plants, and on the electrical conductivity of the tissue 
fluids of desert mistletoes (16). Furdier evidence in die same direction may be 
furnished by our demonstration (17), confirmed by the work of other authors, 
that the osmotic concentration of the leaf tissue fluids increases witli the height of 
leaf insertion in trees. 

Tliat these relationships between parasite and host do not obtain universally is 
shown by the fact that in the dodder, Cuscida, the osmotic concentration and elec- 
trical conductivity of the parasite may be lower than that of the host plant (18). 

Since the plant species "which constitute the natural vegetation of regions which 
differ greaTy in the aridit}'* or salinity of the soil have been shown to differ in the 
physicochemical properties of their tissue fluids, it would seem quite reasonable to 
assume that the properties of the tissue fluids of crop plants may be of importance 
in determining the possibility of their growth and productiveness under the var 3 dng 
soil and atmospheric conditions of different regions. These studies have, therefore, 
been extended to a number of agricultural plants. 

Harris and Popenoe considered the oSmotic concentration of the tissue fluids 
of the avocado in their possible relation to frost resistance (19). 

The most extensive studies have been those based on Egyptian and Upland cot- 
fon as gro'wn under irrigation in the arid regions of the United States. In these 
studies it has been shown that Pima Eg 3 rptian cotton has a higher osmotic con- 
centration, specific electrical conductivity and hydrogen-ion concentration than 
either Meade or Acala Upland cotton (20). This differentiation of the Egyptian 
and Upland type seems to be general, since it has been found to hold for a number 
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of varieties of the Eg}ptian t\T)e recently introduced from Egypt into the United 
States (21). 

The differentiation of these two types is not limited to the total solutes of the 
sap or to the concentration of all electrolytes, but is found to obtain specifically for 
chlorides (22) and for sulphates (23). The absorption of these anions has been 
shown to be differential (24). Furthermore the rate of accumulation of chlorides 
in the Egyptian t3^es seems to he more rapid than in the Upland type. There are 
evidences for definite behavior of certain of these tissue fluid properties in 
hybridization. 

Prelimin \ry Results for Sugar Cane 

The osmotic concentration of the tissue fluids is most readily and accurately 
measured by determining the freezing point depression, i. e., the difference between 
the freezing point of the tissue fluid and that of pure water. Osmo ic concentra- 
tion is then calculated by G. N. Lewis* formula: 

P=12.06 A — .021 

where P is the osmotic concentration in atmospheres and A is the freezing point 
depression of the sap, corrected for the amoimt of ice separating because of under- 
cooling (25). 

Freezing point depression was determined on saps extracted by pressure after 
antecedent freezing in an ice-salt mixture to increase the permeability of the tissues 
as has been shown to be necessary by Dixon and Atkins (26) and by ourselves (27) 
and others. 

Samples were taken from plants of seven varieties of cane grown on the Ho- 
nolulu grounds of the Experiment Station of the Hawaiian Sugar Planters* Asso- 
ciation. All plants were under conditions as nearly comparable as could be secured. 
Leaf samples were taken from the third, fourth and fifth leaves from the tip of the 
stalk. Samples of s'alks were taken from the Io\vest nodes in order to secure as 
nearly comparable materials as possible. 

The cultures on the Experiment Station grounds were very limited in extent 
and the plants were required for other purposes. Samples were, therefore, re- 
stricted to a very few stalks. As a result of this necessary limitation, the constants 
show the irregularities which are generally found when measurements are based 
on samples of limited size. This difficulty can be overcome only by canydng out 
the investigations on a larger scale. 

The varieties employed and the dates of collection are given in the accompany- 
ing tables. 

Table I shows the freezing point depression in degrees centigrade of the leaf 
tissue fluids of the seven varieties of cane as determined on six different dates. 
For the purpose of bringing out clearly the relative values of osmotic concentration 
in the different varieties, the names of the varieties have been given under each 
date in the order of the freezing point depression, from the highest to the lowest 
value. Table II gives the same results calculated in terms of atmospheres of osmo- 
tic pressure, P. 
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In examining these resul's one must be impressed by the fact that the leaf tissue 
fluids of Uba are characterized by higher osmotic concentration than those of any 
other of the seven varieties considered. While the diflFerences between varieties 
are in all cases small, Ula stands at the head of the list in each of the six series of 
detemainations made. The other varieties show considerable irregularities, as 
might be expected when determinations are based upon a very limited amount of 
material as was neces.sary in the present case. 

If we consider the average values of the constants for the six determinations 
^\e have the following results; 


Variety 

Freezing Point 

Osmotic 

of Cone 

Depression 

Coiiciontration 

rba 

0.823 

9.91 

Badila 


8.44 

Tollow Caledonia 

0.693 

8.35 

n-109 

0.682 

8.21 

D-1135 

0.679 

8.18 

Lahaina 

0.649 

7.82 

Yellow Tip 

0.646 

7.78 


The difference bebveen the average constant for Uba and the highest of the 
other varieties is 0.122°, or 1.47 atmospheres. The difference between the highest 
(Badila) and the lowest (Yellow Tip) constant for varieties other than Uba is 
only 0.055°, or 0,66 atmosphere. 

The freezing point depressions of the juice from the basal nodes of the stem 
are arranged in order in Table III. The results are expressed in terms of 
atmospheres pressure in Table IV. 
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Again we note that in every series of determinations the highest osmotic con- 
centrations are found in Uba. 

The averages for the six determinations available for each varieU are : 


Variety 

Freezing Point 

Osmotic 

of Cnne 

Depression 

Concentration 

Uba 


18.87 

Yellow Galedcnia 

1.45‘1 

17.48 

Badila 

1.801 

15.65 

H-109 

1.257 

15.13 

Lahaina 

1.245 

14.97 

Yellow Tip 

1.167 

14.05 

D 1135 

1.165 

14.02 


In both series of averages (for leaves and stems) Uba stands at the head of 
the list, and is followed by Yellow Caledonia and Badila, but the order of these 
two latter is reversed in the case of the determinations on leaves and stems. In 
both cases H 109 occupies the fourth position. Lahaina, D 1135 and Yellow Tip 
show the lowest values in the detenninations on leaves and stems. 

Judged by purely physiological standards the conclusions to be drawn from 
these meager data would be that Uba should be the most drought resistant of the 
seven varieties considered, while H 109 should occupy an intermediate position 1)e- 
Iween Uba, Yellow Caledonia and Badila on the one hand and Lahaina, Yellow Tip 
and D 1135 on the other, the three latter together with H 109 presumably rep- 
resenting the least drought resistant varieties of the seven considered. 

Discussion of Results 

The foregoing conclusions were liased entirely upon a stud\' of the tissue fluids. 
Comparing these results with practical experience in the growing of sugar cane, 
one is led to the conclusion that osmotic pressure of either the leaf or cane stalk 
juices is correlated to a certain degree with drought resistance. 

The Uba variety is without doubt the most drought-resistant cane grown in the 
Hawaiian Islands and, as the tables of results show, has the greatest freezing point 
depression and highest osmotic concentration of any of the other varieties by a con- 
siderable margin. Moreover, the Lahaina variety, which has a low freezing point 
depression and osmotic concentration, -is wthout question a sensitive variety to 
drought. On the other hand, D 1135 and Yellow Tip are canes that grow nor- 
mally tmder unirrigated conditions and have drought resistance. W. P. Naquin, 
from his observations in Hamakua, places Uba first in drought resistance, 
D 1135 second, and Ydlovr Caledonia third, followed by Yellow Tip and H 109. 
‘‘Growth measurements,*' he says, “made during several dry spells in this district 
showed that these canes ran about as above. I believe that Mr. Jennings found at 
Kohala tliat Yellow Tip was far less resistant to dr>' weather than D 1135, although 
Yellow Tip kept green very much longer than D 1135. The growth, howwer, wras 
checked very much more rapidly with the Tip,*’ 

Too much stress must not be laid on these resul s until confirmed by more ex- 
tensive series of determinations and more adequate tests of relative drought re- 
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sistance under the conditions of he gi owing of su^ar canc. It is a question for 
further endeavor to attempt to utilize osmotic concentration determinations in 
actual practice to predetennine the drought resistance of a new variety. The 
writers feel that these preliminary attempts of such prediction should at least be 
put on record for the use of future investigators. 
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The Chemical and Physical Properties of Ewa Plantation 
Soils as Influenced by Irrigation With Artesism 
Water, With Special Reference to Drainage 


By \V. T. McGeorge 

One phase of the irrigation problem at Etjlhi Plantation is that it ha^ been con- 
fronted in several of its fields zoith badly puddled and poorly drained soil types, 
a high water fable and salt accumulation. In vier\f of this the plantation manage- 
ment was interested to learn, on the basis of nine dez^elopmcnts in soil sciente, the 
present status of their soils and what leill be the ultimate effect of continuously 
irrigating wnth saline wafers The work piesentcd in this paper was planned at a 
conference of Messrs, George F, Renton, IF. P. Alexander and J, D, Bond, of the 
plantation staff, and the writer, and is presented in this form in the Record because 
it^ application is general for Island conditions. The writer is indebted to these 
members of the plantation staff for their hearty cooperation in this work. 


One of the important problems affecting the fertility on irrigated plantations is 
the presence of salt in the irrigation water and its accumulation in the soil In 
the past we have devoted considerable time and effort to this problem in an attempt 
to increase our knowledge and understanding of its many phases. In two previous 
articles (1) the writer has dealt at some length upon the presence of salt in our 
irrigated fields, and some physiological effects of excess salt accumulation upon 
cane growth. The investigations of our predecessors, Maxwell, Eckart, Peck and 
Burgess, have also been reviewed and presented in abstract. In their work, as well 
as our own, there is conclusive evidence of a salt accumulation in a number of 
Island areas which has exceeded the limit of tolerance of some cane varieties. 
These studies have demonstrated the outstanding property of H 109 to resist the 
toxic effect of high concentrations of salt in the soil solution. WTiile a knowledge 
of salt accumulation and its physiological effect upon cane grow’th is of interest and 
value, the problem is incomplete without some knowledge of the effect upon soil 
properties, such as the present and ultimate changes in meclianical conditon and 
chemical composition. 

With few exceptions the soil fertilit}- of agricultural districts has received many 
serious setbacks in the United States and in foreign couiitnes where rainfall is in- 
sufficient and must be supplemented by artificial imgation. Many of our owti 
fields have been under irrigation for forty years or more. WTiat then is the present 
status of these soils as compared wdth irrigated areas in other countries, and can 
we offer an estimate of what the ultimate effect of saline irrigation water will be 
on our own fields? Or better still, can we offer suggestions w’hich will help us to 
avoid the difficulties others have encountered’ To date we have had few really 
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serious alkali soil problems. In the United States, as well as in several foreign 
countries, many of the outstanding leaders in soil science have been occupied wth 
this problem and some remarkable progress has been made. As a result of their 
investigations, we now have a rather definite understanding of the chemical and 
physical changes taking place in soils where it is necessary to resort to irrigation to 
meet the water requirement of the crop. 

The most fertile soils are, in the main, well satisfied, chemically, with calcium. 
It has been known for seventy-five years or more that soils possess the properri of 
fixing bases such as calcium, magnesium, sodium, potassium. Our present knowl- 
edge of the nature of this fixation and an appreciation of its value has aided 
greatly in identifying the cause and nature of soil peculiarities. The theory of this 
phenomenon has been pre\nously dealt with in some detail in the Record. Suffice 
it to say here that the so-called fixed bases are subject to replacement by other 
bases added m fertilizer or irrigation water, and that if best fertility is to be main- 
tained an effort should be made to retain calcium as the predominating fixed base. 
Such highly hydrolytic bases as magnesium or sodium, if they reach certain pro- 
portions, will seriously injure or completely destroy the fertility' of the soil. We 
then have a soil state which is classified as one of the alkali types. 

As already stated, toxic concentrations of salt have been foimd in some of our 
plantation soils. Both Peck and Burgess obtained evidence of sodium carbonate 
in Island soils, but unfortimately, they were not equipped at that time with our 
present methods and apparatus to determine its degree. Alkali soils were classi- 
fied then as of one of two types, namely, white alkali or black alkali. The former 
included all types containitig salts other than sodium carbonate, and the latter in- 
cluded sodium carbonate which, due to its solvent action toward organic matter, 
gave a black soil solution. We no longer look upon alkali soils as being unrelated 
types but rather as soils in different degrees of sodium or magnesium saturation 
with or without an accumtdation of salines. In fact, so-called black alkali soils 
may* contain no sodium carbonate, as shown by de’Sigmond (2) and by Breazeale 
and McGeorge (3), but they may have an alkalinity entirely derived from the 
hydrolysis of '‘fixed” sodium. Then, too, as shown by de'Sigmond (2), black 
alkali soils may be practically free of soluble salts. It is just a short step, there- 
fore, under certain cultural practices, from a white alkali to a black alkali type if 
sodium is the predominating base, and this type of soil is very* difficult to reclaim. 

de'Sigmond (2) gives three factors which are responsible for the change from 
non-injurious saline types to undesirable alkali types, as follows : 

1. ^Vrid or semi-arid climate. 

2. Impervious subsoil. 

3. Peculiar hydrological circumstances enabling a superabundance of water 
in the soil intersected by dry periods. 

Kelley (4) emphasizes the (a) use of .saline irrigation Avater and (b) high 
water table from excessive irrigation as being major causes of alkali formation 
and he points out that waters not excessively saline have often caused undesirable 
alkaline conditions. Hilgard regarded an arid climate as related to alkali soil 
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formation but de’Sigmond points out that even in very arid climates soils are 
fertile if they are permeable. 

The writer believes it to be a very good policy to consider the alkali problem 
from two rather closely defined angles, namely, (a) an accumulation of excessive 
quantities of salt to produce a soil solution of toxic concentration, and (b) a soil 
condition of relative impermeability caused by the well-known property of alkali 
rh}droxyl ion) to convert clay into a highly dispersed state which closes the pore 
spaces of the soil and seriously limits aeration and permeability. It is in the second 
class that the more serious troubles arise. Many saline irrigation waters may be 
entirely free of any injurious effects upon the soil or plant and, if permeability is 
maintained and water judiciously applied, soil fertility will be permanent. Such 
waters are mainly high calcium waters. On the other hand, high sodium or mag- 
nesium waters usually result in undesirable soil conditions. 

A description of the process by which irrigation waters may injure or improve 
soils may be of interest at this point. The compounds which impart to soils the 
property of base fixation and base exchange* are known as zeolites and believed to 
be complex silicates of colloidal dimensions. They are sometimes referred to in 
soils as tlie exchange complex. When a salt solution or irrigation water of basic 
composi ion different from that of the fixed soil bases is brought in contact \rith 
the exchange complex of the soil, there will be an excliange of the predominant 
base of the solution for that of the exchange complex of the soil. That is, if the 
zeolite base of the soil is in greatest part calcium and the soil is irrigated with a 
high sodium water, the calcium will be replaced in whole or in part and leaclied 
away in the drainage while its place in the exchange complex wfill be taken by 
sodium. The exchange reaction is practically instantaneous. The relative affinity 
of the exchange complex for the different bases stands in the following order: 
Ca>Mg>K>Na, while the relative degree of clay dispersion, as well as hydration 
of respective ions, stands in tlie following and opposite order: Na>K>Mg>Ca. 
It may be seen from the above why high calcium soils are nomial soils and vice 
versa from the lower affinity for sodium, why this type of soil is abnormal and 
only formed when a relatively large excess of sodium is present in the soil solution. 

Conditions at Ewa and Outline of Problem 

Rainfall at Ewa Plantation Company averages about 20 inches per annum. 
Pump waters only are used for irrigation. In some fields a high water table has 
interfered with cane ripening, and in these fields tile drains liave been installed lo 
lower this water table. The soils include heavy adobe clays, friable clay loams 
and a number of “coral” types. The salt accumulation varies from practically nil 
to toxic concentrations. For investigation the problem >vas divided into four 
phases as follows : 

1. The present composition of the soil zeolites at Ewa and the nature and 
amount of salt accumulation. 

•'The fixed or replaceable bases will be referred to as zeolite bases throughout this 
paper. 
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2. The tile drainage system and the changes taking place in the soil as a result 
of their installation 

3. The quality of Ewa iirigation waters as compared with a number of main- 
land waters of known value. 

4. Remedial measures for the correction and removal of undesirable accumu- 
lations of magnesium and sodium 

Zeolites in Ewa Soils 

x\s an initial step a niunber of fields were selected and soil samples obtained, 
some being sampled to a depth of only one foot and others to three or four feet. 
All samples were taken with a soil auger and three to six bonngs per sample, de- 
pending upon the size of the area. The following is a description of the soils , 

1. Field 19B — ^red silty clay loam, no coral, good drainage, fertile field 

2. Field 26B — blackish cla3^ drainage only fair, surface layer caked. This 
field is irrigated with a water high in magnesium. 

3. Field 17A — ^red silt\' clay loam, good field and good drainage 

4. Field 3D — ihis field had recently been tiled. A blackish day ; many spots 
in the field were poorly drained. This sample taken near drain well where cane 
growth was excellent and drainage fair ; salt efflorescence in some areas. 

4b. Subsoil to 4, second foot, slightly heavier than 4. 

5. A bad spot in field 3D where drainage is poor. 

6. Fair spot in field 3D. 

7. Bad spot in field 3D. 

9 Field 21A — ^red silty clay loam, good drainage, no coral 

10. Field 21 A — same as 9, except taken in area where there is considerable 
coral. 

Samples 11, 12, 13 and 14 were taken from good and had spots in field 11, 
which has been tile drained for five years, originally had high water table. 

11. Heavy clay, poorly drained, cane making poor growth. 

llb. Second foot to 11. 

llc. Third foot to 11. 

12. Same type as 11 but better drained and cane making good growdih. 

12b. Second foot to 12. 

12c. Third foot to 12. 

13. Same type as 11, practically no germination (ratoons) in this area, drain- 
age poor and some salt efflorescence. 

13b. Second foot to 13. 

13c. Third foot to 13. 

14. Same type as 11, good area, good drainage, good cane grow’tli. 

14b. Second foot to 14. 

14c. Third foot to 14. 

15. Same type as 11, field 14. 

ISb. Second foot to 15. 

15c. Third foot to 15. 
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16. Field C, heavy clay soil, highly dispersed, considerable salt accumulation, 
cane genninates very poorly or not at all, tile drains recently installed 

I6b. Second foot to 16. 

16c. Third foot to 16. 

17. Field C, same type as 16, sample taken near drainage well where drainage 
is good and cane growth fair. 

17b Second foot to 17. 

17c. Third foot to 17. 

18. Red clay loam taken in camp near field 11, not cultivated 

19. Field A, red clay loam, poorly drained area 
19b. Second foot to 19. 

19c. Third foot to 19. 

20. Field A, poorly drained area, same type as 19. 

20b. Second foot to 20. 

20c. Third foot to 20. 

20d. Fourth foot to 20, this sample represen ‘■s a hardpan at the four-foit 
level. 

21. Field A, well drained area, same type, as 19. 

21b. Second foot to 21. 

21c. Third foot to 21. 

Samples 22 to 26, inclusive, were taken in the iieninsular fields of Oahu Sugar 
Company as representative of the black adobe type with coral rock. 


22. 

A 

good 

area, 

, coral 

23. 

A 

poor 

area. 

no coral. 

24. 

A 

good 

area, 

coral. 

25. 

A 

poor 

area. 

no coral. 

26. 

A 

good 

area, 

coral. 


The complex which goes to make up a soil is often divided into active and 
passive constituents. The latter includes the practically inert materials which 
serve as a soil skeleton functioning largely as a meclianical support for the plant, 
and by disintegration and decomposition to form the active constituents. The 
former include the available forms of plant food, the soluble constituents of the 
soil solution and the insoluble constituent's which are fixed by the soil in forms that 
will react chemically wdth bases present in the soil solution, that is, die soil zeolites. 
Our examination of the preceding soils has covered only the active constituents. 

Most of the soil samples were too badly puddled to permit obtauning the soil 
solution by displacement. For this reason the relative soluble salt content was 
determined by analyzing a 1 :5 water extract and calculating back to a basis of a 
soil solution of 20 per cent moisture content, which is about optimum for these 
soils. While this does not represent the true soil solution, the results are com- 
parative. The zeolite bases were determined by replacement with both barium 
chloride and ammonium chloride. The results of these analyses are given in 
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Tables I and II. The zeolite bases are expressed as per cent in dry soil, ratio of 
each base to the sum of the bases, and as milliequivalents* per 100 grams of soil. 

Before attempting to interpret the data in these tables it is of interest to present 
some gttnilar analyses of soils from other sources and of known properties. The 
following are taken from data obtained by Kelley (S) from a number of soils from 
California, Arizona, Nevada, Utah aird Idaho, which he has separated into poor 
and intermediate alkali soils and into good soils : 

Bad alkali soila — 

Caleiuni 

HagneBium 

Sodium 

Intermediate alkali Roils 

Calcium 

Magnesium 

Sodium 


Good soils — 

Calcium .151— .694 63—80 

Magnesium 062— .162 16-38 

Sodium 005— .047 1-9 


Normal soils of the temperate zone usually contain 80-90 per cent calcium with 
small amounts of magnesium, sodium and potassium. 

Fields 19B, 17A, 21A and 14 are all good fields and, as compared with main- 
land soils, would be classed as good soils, or at least better than intermediate saline 
types. In other words, tliere is no evidence that saline irrigation or the use of 
nitrate of soda has caused any rapid progressive soil changes in well-drained fields. 

All the rest of the fields examined were selected for abnormal types. In Field 
26B there is an abnormally high percentage of zeolite magnesium and this has 
greatly affected the mechanical texture of the soil. The clay is highly dispersed 
and tliis has materially retarded drainage. Also, the soil “cakes’* considerably on 
drying. 

Field A, located in the Apokaa Section of the plantation, has given some trou- 
ble to the irrigators on account of the difference in the rate at which different sec- 
tions of the field take water. Samples of soil were taken from two poorly drained 
areas and from one good area. In two cases the first, second and third foot were 
sampled. In the third case the fourth foot was also sampled as a clay hardpan 
was found below the third foot in the poorly drained areas, and this latter is 
represented by 20d. The principal difference between the poor and well-drained 
areas is in the acidity (replaceable hydrogen) in the subsoils of the former. On 
the whole, though, there is a higher percentage of zeolite calcium and lower sodium 
in the good area* The excess of sodium, magnesium and hydrogen (acidity) 
zeolites in the hardpan is significant and ‘also explains the low permeability of poor 
areas in this field. 

* On this baaiB each base is directly comparable with another or with hvdrogen in the 
proportion by weight at which they are capable of replacing each other. 


Per Cent Dry Soil Per Cent of Total Bases 


.0 -.079 
,0 -.113 
.0S2-.842 

.158-.261 
.0 -.098 
.094^.133 


0-14 

0-31 

60-97 


36-62 

0-30 

22-32 





TABLE I 


of Soil Solution "When the Soil Contains 20 Per Cent htoiatuie — Eesults Given in Parts per Million Soil Solution 


Sample 

Solnlilc 

Cftlcinm 

Magnesium 

Sodium 

Potassium 

Sulpliato 

Chlorine 


Depth 

Solids 

Cn 

Mg 

Na 

K 

SO4 

Cl 

Bcmarks 

0-1 

4652 

144 

185 

595 

510 

102 

1066 

Good tlrninage 

0-1 

6389 

260 

412 

1108 

488 

417 

2424 

te 

0-1 

4334 

154 

308 

931 

224 

416 

1417 

(t 

0-1 

8304 

432 

400 

1170 

843 

484 

2698 

u 

0-1 

3089 

240 

272 

700 

143 

105 

634 

Fair diainago 

1-2 

3518 

276 

269 

1264 

184 

325 

933 

it 

2-3 

3688 

285 

294 

1246 

205 

424 

1060 


0-1 

4581 

192 

271 

947 

294 

112 

988 

<< 

0-1 

5392 

404 

204 

932 

68 

2252 

996 

ti 

1-2 

5060 

316 

188 

908 

64 

2200 

932 

it 

2-3 

4428 

212 

156 

888 

52 

1960 

868 

it 

iJ-1 

3276 

14S 

92 

760 

52 

1244 

543 

it 

1-2 

3944 

212 

124 

824 

60 

1884 

392 

it 


4052 

168 

120 

912 

188 

1968 

7»4 

it 

3^ 

6732 

108 

68 

2036 

248 

4164 

1712 

ti 

0-1 

2448 

64 

12 

524 

92 

316 

420 

Good drainage 

1-2 

1984 

64 

16 

504 

92 

412 

366 

ti 

2-3 

2164 

44 

8 

672 

60 

1796 

464 

ti 

0-1 

7361 

158 

211 

1003 

2S0 

856 

1284 

Pair drainage 

1-2 

7961 

256 

348 

1478 

586 

1712 

2524 

it 

<1-1 

11513 

640 

676 

1711 

700 

1185 

4139 

Poor drainage 

0-1 

10380 

447 

604 

1791 

640 

1061) 

3180 

a 

0-1 

10256 

521 

614 

1736 

642 

1276 

3064 

it 

(M 

5372 

255 

400 

1010 

400 

746 

1577 

it 

1-2 

8043 

389 

619 

1470 

206 

1702 

2128 

if 

2-3 

7083 

409 

598 

lolS 

215 

1689 

2449 

it 

0-1 

3541 

173 

187 

600 

263 

103 

591 

Pair drainage 

1-2 

2930 

135 

108 

811 

144 

169 

487 

it 

2-3 

3574 

180 

210 

910 

131 

319 

934 

it 

0-1 

11003 

724 

723 

846 

143 

1163 

3470 

Poor drainage 

1-2 

11812 

794 

600 

1172 

171 

2674 

3680 

te 

2-3 

12824 

691 

587 

2702 

131 

2582 

4088 

ft 

0-1 

. . « 

303 

314 

570 

108 

632 

936 

Fair drainage 

1-2 

3496 

226 

264 

840 

86 

490 

978 

ft 

2-3 

6700 

459 

517 

1348 

122 

1503 

1632 

it 

0-1 

6480 

537 

172 

616 

524 

1136 

1140 

Good drainage 

0-1 

127106 

4460 

137 

30612 

700 

18376 

65596 

Poor drainage 

1-2 

78676 

572 

28 

12660 

956 

5808 

20624 

tt 

2-3 

34756 

416 

92 

10344 

780 

3388 

15940 

it 

0-1 

11364 

288 


2604 

92 

1088 

2048 

Pair drainage 

1-2 

9652 

152 

328 

2860 

220 

1652 

2018 

ec 

2-3 

11840 

188 

200 

2644 

704 

2940 

SG60 

C( 



CALniTM, MAGJ^EHIUM, flODTUM, POTARRTQM, TIYDKOGT^JN TN ^^KPLJ^ 




Rmnplo 


Cnno 

Roaet ion 

Gab'iim 

JiFa'^iiesiiiin 

Sodium 

Piitahsium 

Field 


Doplh 

DriiiiiMftC 

Qroivtli 


C’a 

Mk 

Nn 

K 

Kin 

1 

0-1 

Ooofl 

Good 

7.S 

.340 

.1.58 

.010 

.048 

17A 

2 

n-1 

tt 

< ( 

7.7 

.212 

.054 

.063 

.004 

21 A 

!> 

IM 

(( 

(( 

H.O 

.101 

.071 

.024 

.1)23 

21 V 

HI 

n -1 

ft 

i i 

S.O 

.272 

.111 

.073 

.034 

U 

l.lii 

n-i 

Pnir 

< i 

S.O 

.215 

.002 

.034 

.010 

11 

Kll) 

1-2 

ft 

1 f 

7.7 

.202 

.08.“ 



U 

ir><* 

2 ;i 

1 c 

f f 

7.,“) 

.184 

.082 

.032 

.004 

2(!U 

2 

0-1 

It 

Fnir 

8.0 

.057 

.30S 

.000 

.084 

A 

Klji 

0-1 

1 1 

Good 

7.3 

.15,3 

.059 

.030 

.015 

A 

Kl)» 

1-2 

t f 

f f 

0.8 

.082 

.038 

.025 

.010 

A 

lOf 

2-3 

f f 

f t 

4.(i 

,07(1 

.028 

.024 

.022 

A 

20ri 

0~1 

1 f 

4 C 

7.3 

.ISO 

.077 

.024 

.017 

A 

2 nli 

1-2 

(( 

It 

r>.fi 

.007 

.063 

.027 

.026 

A 

2<l(‘ 

2-3 

ft 


3.3 

.0!) I 

.007 

.030 

.001) 

A 

20(1 

3-4 

. ( 

ft 

f).l 

.140 

.142 

.0.11 

,00ft 

A 

21h 

n 1 

({ 0(1(1 

t t 

7.3 

.233 

.13J 

.OJO 

.024 

A 

2IIi 

1-2 

(( 

t t 

7 3 

.210 

.100 

.037 

.021 

A 

2lc 

2-;i 

(( 

(t 

7.2 

.100 

.08(1 

.035 

.011) 

;ii) 

'III 

(1 1 

Fiilr 

1 c 

7.3 

.23.1 

.108 

.03,1 

.013 

III) 

>il( 

I 2 

t< 

( f 

11.7 

.101 

.00.“ 

.023 

.010 

:ii) 

r» 

II 1 

Poor 

Fair 

7.3 

.Its 

.082 

.052 

.004 

\\\) 

(i 

(1 1 

(( 

(f 

7.3 

.20!) 

.00.1 

.017 

.005 

:;i> 

7 

(1 1 

1 1 

tt 

7.3 

.240 

.003 

.1140 

.000 

11 

lln 

0-1 

tf 

Poor 

7.:) 

, K . I 0 

.nil 

.035 

.010 

u 

11)1 

1-2 

tt 

<f 

0.1 

.132 

.08 V 

.044 

.007 

11 

lie 

2-3 

If 

ft 

4.8 

.147 

.0.14 

.031 

.000 

Ji 

12ii 

0 -t 

Fiiir 

Fair 

7.7 

.200 

.110 

.012 

.043 

n 

12h 

3-2 

1 1 

(( 

7.7 

.201 

.108 

.035 

.00(1 

n 

12e 

24J 

tt 

1 1 

7.n 

.105 

,100 

.047 

.007 

n 

i;tn 

0-1 

Ponr 

Poor 

7.7 

.108 

.110 

.077 

.015 

11 

i;il) 

K2 

f f 

1 1 

((..I 

.221 

.050 

.000 

.000 

11 

Hie 

2 ‘3 

If 

1 1 

0.3 

.17(1 

,00.1 

.040 

.000 

11 

14fi 

0-1 

Fiiir 

Fair 

7.3 

,100 

.102 

.050 

.021 

ij 

14b 

1-2 

1 1 

ff 

7.2 

.10.') 

.107 

.040 

.011 

11 

14c 

2-3 

.( 

( { 

0.0 

.157 

.108 

.051 

.01)8 

11 

18 

0-1 

Clootl 

Good 

8.0 

.282 

.115 

.003 

.043 

(* 

Kill 

0-1 

Poor 

Poor 

7.7 

.310 

.203 

.200 

.083 

(’ 

l«b 

1-2 

i( 

tt 

7.8 

.207 

.1.10 

.237 

.014 

(1 

Klc 

2-3 

( ( 

i t 

7.0 

J247 

.140 

.288 

.(111 


37 

0-1 

Fnir 

Pair 

8.2 

.320 

.078 

.103 

.036 

V 

17 

1-2 

tt 

tt 

7.n 

.200 

.108 

.131 

,022 

p 

17 

2-3 

tt 

If 

7.0 

.102 

.123 

.211 

.004 



TABLE IT 



AH I'KB (JKNT IN DRY SOILH ANT) AH PBIT CRNT TOTAL RIJPLACRABLfi 

BAHKR 







BtiHo 



MilllpqtiK .limit (M.E.1 Basis 

1 

Kydro^pn 


Ciilcium 

Miigiu'&iuiu 

St (limn 

PotnMimii 

Cnlpium AlngncBiuin 

jSmlinii] 

Poiasisinni 

Hi (IroRpn 

' 11 

BUflOH 

Oil 

Als( 

Na 

K 

(’a 


Nil 

K 

' II 


..loa 

37.0 

26.7 

7.8 

8.1 

16.9 

13.0 

20 

1.2 




60 7 

16.3 

19.0 

3,2 

10.6 

4.4 

27 

.1 

... 


.800 

62.0 

20.0 

7.8 

7.4 

9..1 

5.8 

1.0 

.6 

... 


.490 


23.7 

15.9 

7,0 

1.1.6 

8.9 

0.2 


... 


.0.17 

60.3 

2,1.8 

9.,) 

4.,1 

10.7 

7.5 

1.5 

.4 

... ' 







10.1 

7.0 

... 




.802 

61.0 

27.1 

10.6 

1.3 

9.2 

6.7 

1.4 

.1 



1.070 

1)1.8 

04.2 

6.2 

7.8 

27.7 

.10.2 

2.S 

2.1 

... 


.2.)7 

.6!) (i 

22.(1 

11.7 

5.S 

7.1) 

4.8 

1.3 

.4 

... 

.0(11? 

.1(?1 

50.9 

20.(5 

1,1.5 

9.9 

4.1 

0,1 

1.1 

.4 

.1.9 

.0(1.1 

.144 

48.6 

19.4 

16.7 

1.3 

3.5 

2.3 

1.0 

.5 

0.6 


.004 

61.3 

2,1.3 

7.9 

5.6 

9.0 

6.3 

1.0 

.4 


.(KKIS 

.812 

4.1.8 

20.2 

12.7 

12.3 

4.8 

.LI 

1.2 

.0 

5.7 

.002 

.2(10 

47 II 

30.4 

1,1.0 

4.6 

4.7 

.L.) 

13 

,2 

2.0 

.00, ) 

..042 

40.9 

4U 

14.9 

2.6 

7.0 

11.6 

2.2 


5.0 


.481 

.54.6 

01.1 

U 

5.5 

11.6 

11.0 

1.7 

.6 



.074 

m 

28.0 

9.9 

B.6 

10.5 

8.7 

1.6 


... 


.00!) 

D8,7 

25.4 

10.3 

5.6 

9.9 

7.1 

I.,! 


... 


.091 

60.0 

27.6 

8.8 

3.3 

11.7 

8.9 

1.5 

.3 

... 


.019 

60,0 

30.0 

7.2 

0.0 

9.5 

7.8 

1.0 


... 


.2H() 

51.9 

2H.T 

18.2 

3.4 

7.4 

6.7 

3.2 

.] 



.00(1 

.*>8,7 

26.7 

10.0 
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An installation of tile drains had just been made in Field 3D a few montlis 
prior to the sampling. The crop was al^out six months old at this time. Samples 
of soil and subsoil were taken near one of the drain wells where cane was growing 
well and drainage had noticeably improved, as compared with the rest of the field. 
Three other samples were taken in areas wliich had not yet shown an improvement 
in drainage. The soils from the three latter areas were in poor mechanical condi- 
tion and drainage was poor, all of which was reflected in a retarded cane growth. 
It may be seen that the principal abnormality in these samples is in the notably 
higher zeolite sodium in the poorly drained soils. This fact is undoubtedly asso- 
ciated with the soil properties above mentioned. On the other hand, the zeolite 
sodium lias lieen materially reduced where the drainage has lieen improved, with 
a corresponding improvement in cane growth and soil texture. This field should 
be quite rapidly reclaimed on account of the high content of zeolite calcium. 

Previous to 1920, Field 11 had given some trouble on accoimt of a high water 
table. Tile drains were therefore installed for the purpose of lowering this table 
in order that the cane could be more effectively ripened. This was one of the 
original tile drain installations in the Islands and it was due to the success here 
that additional installations were made in Fields 3D and C, At the time the soil 
samples were taken (1927), the third ratoon crop was just starting and there were 
several areas in the field where the stand was very poor, and still others where 
there was no stand at all and replanting was necessary. The soil texture was 
notably heavier in the poor areas, and in some cases considerable salt efflorescence 
was visible. In the good areas, especially in the line directly over the tile, there 
was an excellent stand of cane and drainage was well regulated by a better mecliani- 
cal condition of the soil. Two poor areas and two good areas were sampled. Sam- 
ple 11 was taken from an area where the stand was poor and sample 13 where 



IMg. 1. Tins figure flliowa tUe effect of salt accnnmlation on soil and cane growth in Field C. 
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there was practically no stand at all. The first, second and third foot were vsam- 
pled separately. There is remarkably little diflFerencc in the zeolite base content 
of these samples, l:)ul a notable difference in soil reaction and zeolite hydrogen. 
On the basis of ratio of sodium to the total liases present, it is slightly higher in 
the poor areas which, along with the higher acidiU', is probably related to the dis- 
persion of the clay. 

There has been from time to time considerable salt accumulation in Field C, 
l)ut only in a small area, a low spot, has the accumulation become serious. In 
fact, in this area saline toxicity has exceeded the limit of tolerance of H 109 as 
shown in Fig. 1. Tile drains have been installed in this field as a step toward 
reclamation. As in Fields 3D and 11, where drainage had been improved, notably 
over the line of tile and near the drain wells, cane had already started to make a 
stand in this field. Soil samples were taken to a three-foot depth in one area where 
cane could not grow, and in a second area near the drain well where the soil had 
‘'opened up”. There is a higher percentage of zeolite magnesium and sodium and 
also higher replacement capacity in Ihe poorly drained toxic area, which is Lrue 
also when the results arc expressed on a milliequivalent basis. This is undoubtedly 
the cause of the low permeability in this field. 

Comparison With Mainland Alkali Soil 

A comparison of the data presented in Table I with the classification which 
Kelley lia.s made of mainland soils is (juite illuminaMng. It appears to be a 
significant characteristic of Ewa soils, which have lieen irrigated with artesian 
water, to lie consistently higher in zeolite magnesium than mainland soils, and 
this introduces somewhat of a conipUcarion in using his classification. On the 
whole, though, the following deductions arc rcasonalile. In Field A the samples 
taken from poor areas can be classed as intermediate saline tyjies, while the ihird 
sample, except for its higher zeolite magnesium, can lie classed as a good tyi)e. In 
Field 3D the sample from the good area can lie classified as a good tyiie, while the 
three samples from poor areas liaving a high zeolite sodimn are placed in the 
intermediate class. In Field 11 all the samples are in the intermediate class, prin- 
cipally on account of a low calcium and high magnesium. The soil in Field C 
makes the nearest approach to a bad saline type, but still falls short of the mini- 
mum 50 per cent ratio for zeolite sodiiun in the bad soils examined by Kelley. 

Salt Accumulation 

Poorly drained irrigated soils arc usually characterized by high saline accumu- 
lation, hence we find in Table I a wide variation in the salt content of the soil 
solution in tliis set of fields. In Field A the accimiulation of sodium in the third 
and fourth foot is significant and probably a result of the puddled condition of this 
subsoil. The greater salt accumulation in the two poor areas, as compared \vith 
the good, is also a significant factor. The same is true in Field 3D where the 
higher salt content of the soil solution is associated with the poorly drained areas 
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anrl retarded cane growth. Again, in Field 11 the same relation hetween salt accu- 
ninlation, k»\v iiermealiilily and cane growth run hand in hand. In the small sec- 
tion of F'icid C the soil solution has reached a concentration three times that of 
the Pacific ( )ccan water, and the soil is practically barren of vegetation. This has 
shown a remarkal)le reduction from 127,196 to 11,364 parts per million in the area 
where the soil is more permeable as a result of the tile drains and indicates the 
efficiency with which our T.sland saline soils can lie reclaimed by tile drainage. 

Tiu; Draina(.e 

It is evident from the preceding data and discus.sion that none of the Ewa soils 
are in a chemical or physical .state closely approaching a had saline type. They 
are still (luite high in rei)laceal)le calcium, ^vhile many of the had alkali types on 
the mainland c(«itain no calcium whatever as zeolite. ( )n the other hand, a num- 
ber of the F'wa soils are of in'ermediate types and abnormally high in zeolite 
niagncsiiun. Ilut since this is known to he a character of many Island soils which 
have never been irrigated with artesian water, we have no evidence in the preced- 
ing data that its presence in ICwa soils is due to the use of saline wa er. In order 
to study this question, as well as any other progres.sive changes taking place in 
the soil, the tile drained fields ofi’ered a pos,sibility in the relation hetween the com- 
position of the irrigation water being applied to the fields and as it was discharged 
from the drains, as conqared with the composition and ])roperties of the soil. So, 
at our rctiuesl, the department of research and control at Ewa Plantation Com- 
pany has been ,su])plying us with composite wa'er .samples representing the monthly 
irrigation and drainage from b'ieldvS 11, 31) and C. Complete analyses of all these 
waters have been made, and the results are given in 1’ables 111, IV, V, and shown 
graiihically in b'igs. 2, 3, 4 and 5. Only calcium, magnesium and sodium, the 
three bases which have the greatest inlluence U])on the soil properties, are given 
graphically in terms of the ratio (»r each to the total of all three, and as parts per 
million. It is the ratio of one l)a.se to the others, rather than concentration, which 
governs fixation and c.xchange. In sonic cases, as noted in the tables, single water 
samples were analyzed, in addi'ion to composites, in order to deteniiine daily 
fluctuations, and for other reasons which will be mentioned later. 



Showing ComxiOBition. of Iirigation. "Water (Lx) and Diainage Water (Out) 
Field 3 D, Ewa Plantation Company, May, 1927 , to July, 1929 
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Date of Chloilno Total Calcmm IMaguesiTim Sulphate Sodium Potassium Cakium Magpiesium Sodium 

Sample Watei Cl Solido Ca ilg SO 4 Na K Ca Mg Na 

Oct., 1928 In 423 1199 70 67 81 132 7 26 25 49 

“ Out 680 1600 53 49 148 404 4 10 9 81 
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P'lIi.LD 11 

The ratio of calcium in the irrigation water to that in the drainage ib very 
consistent. While in ‘•ome months there was a lower ratio of calcium to mag- 
nesium and sodium in the drainage water, or the whole the calcium was practically 
the same or slightly higher, which indicates little or no fixation of calcium from 
the irrigation wa er. A low calciiim ratio would show that the caldtim was being 
retained by the soil. With scarcely a single exception the magnesium ratio has 
l)cen reduced in passing through the soil, showing a fixation of magnesium, and 
there should follow from this a progressive increase in zeolite magnesium in the 
soil- The relative sodium sh )ws a coiisis cntly higher ratio in the drainage water 
Therefore, zeolite sodium is being steadily reduced, apparently by the magnesium 
rather than by the calcium. M ith the soil already high in zeolite magnesium, diis 
can hardly lie considered a desirable condition. It is rather significant that there 
was a slight increase in sodium ratio in December and Janiiai’y following 26 Inches 
of rain in December. 

Expressed as ])arts per million, there has been a wide variation in the calcium, 
magnesium and sodium content of the drainage water, while the irrigation wa'er 
remained remarkalily constant over the two-year period. In most cases, a greater 
amount of salt is being drained from D 200, which is the more fertile sec ion of 
the field and indicates the benefit from salt removal. 

Ill November, 1927, gypsum was apidicd to several ditches in the area drained 
by D 200. The ciTect of the gyiisum is indicated in Figs. 3 and 5. These several 
samples were taken at short intervals following its application. In December, 
there was an unusually heav\ rainfall, and from that time to liarvesl Ihe con- 
centration of bases in the drainage watiT was reduced. On the other liand, the 
daily changes lluctua'ed very greatly, as shown by the data in Table IV and 
Figs. 3 and 5. 

In July, 1928, ground coral rock was applied at the rate of 9 tons per acre 
and the field plowed to a depth of 20 inches. From this period there was a steady 
increase in salt concentration of the drainage water, indicating that this treatment 
liad served to release the salt in larger quantities and at a more rapid rate than 
previously. It should not be overlooked, however, that the deep plowing alone 
would have a somewhat similar effect in aiding leaching operations. Since Feb- 
ruary there has been some reduction from the maximum months of December, 
1928, and January, 1929. It is significant that while the concentra'ion of .salt has 
been increased the ratio remained quite steady. 

The gj’psum, which was applied in the irrigation water from October 20 to 25, 
1927, as shown in Fig. 3, has slightly increased the sodium ratio in the drainage. 

During November, December aiid January, individual samples of water were 
analyzed, in addition to the composite, in order to determine tlie eflecl of tlae im- 
usually heavy rainfall (non-saline water). The effect is of considerable interest. 
There were two periods of heavy rain, namely, 18.5 inches bel.ween December 8 
and 13, and 6.1 inches between Deceml-)er 23 and 25. Therefore, less pump water 
was used during this month. Each period was followed by an increase in salt in 



199 


the drainage water and a higher sodium ratio for December and January. ^Vii 
occasional heavy rain appears to increase ihe sodium ratio in the drainage, but has 
little or no effect upon the calcium. 


Field 3D 

In Field 11, the tile drainage system had been in operation for five years pre- 
vious to the start of these soil studies, while in Field 3D. the field was being 
cropped for the first time after the installation of the tiles This is reflected in die 
high saline content of the drainage neater during the first eight months The 
Ca-Mg:Na ratio is very similar to the drainage from Field 11 and shows that in 
this field, also, zeolite sodium is being reduced by base replacement On the 
other hand, unlike Field 11, and to better advantage, the calcituii as well as the 
magnesium is being fixed by the zeohte. 

An inciease in salt content of the drainage s'arted in again with the new crop, 
as noted by the months August to November, 1028. *-\.lso, the salt content i\as 
notably reduced by the rains of December, 1927. 

In a comparison of the drainage waters from Fields 3D and 11, the better 
fixation of calcium in the former is significiiat. In view of this, the average com- 
position of the irrigation water applied to these two fields was calculated for ihe 
two-year period, and the results are given in the following table : 


Pnits per Million Batio 



C.i 

Mg 

Na 

Ca 

Mg 

Xa 

Ficirt nn 

es 

03 

123 

27 

24 

49 

Piold 11 

77 

76 

118 

28 

29 

43 


The pump water being used on Field 3D is, therefore, a slightly better water, 
having a higher ratio of calcium to magnesium, and this probably accounts for ihe 
more effective reclamation taking place in Field 3D. On the other hand, it is 
recognized that Field 3D was more recently tiled, which may be involved to a 
certain extent. 

In expressing calcium : magnesium ratios by weight or concentration, the fact 
should not be overlooked that calcium has an atomic weight of 40.07, while that 
of magnesium is only 24.32. Therefore, the equivalent reaction or replacement 
value will be 40.07/24.32 or 1.65. That is, one part by weight of magnesium is 
equivalent to 1.65 parts by weight of calciimi. This helps to explain, in part, ihe 
antagonism met in replacement operations when waters of nearly equal calcium- 
magnesium concentration are used. A water containing equal amoimts of calcium 
and magnesium would in reality contain 1.65 as much magnesium on an equivalent 
basis. 

Field C 

Of the three fields under tile drainage, Field C offers an example of a very 
effective reclamation. As already stated, lliis field is the closest approach to a bad 
saline field and contains a high percentage of zeolite sodium, as well as an ex- 
cessive salt accumulation. The drainage water analyses show a great reduction in 
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calcium and magnesium as the water leaches through the soil, with a correspond- 
ing increase in sodium both as ratio and as concentration in parts per million, which 
proves beyond question that the zeolite sodium is being steadily and effectively 
replaced by calcium and magnesium. 

On Jtily 14, 1928, calcium chloride was applied to the barren spot in this field 
at the rate of one ton per acre and then flooded. Drainage water analyses were 
made at each sampling during the rest of July and throughout August. There is 
some indication of improvement in the composition of the drainage water, but ihis 
is within experimental error and not conclusive. The excellent replacement which 
is already taking place in tliis field could hardly be improved upon except in rate. 
This could be accomplished by more frequent irrigation or flooding, especially if 
the area were contoured, to force the water to leach down throv^h the bad area 
rather than through the more permeable area surrounding this l)arren .spot. 

Then again, one ton per acre of calcimii chloride only furnished about 700 
pomids calcium per acre, and the soil contains 26,000 pounds sodium per acre in 
the three feet of soil above the tiles. 

In the preceding interpretations, and in the tables and graphs, no allowance 
was made for rainfall or variation in amount of water applied to the fields and 
the voliune leaching out through the drains. The application of water varies, of 
course, with the rainfall and age of the cane. Thus far we have lieen concerned 
only with the relative concentration of bases in the ditch water and drainage. In 
the following tables, VI, VII, VTII, which were compiled and supplied by Mr. 
Bond, of Ewa Plantation Company, the rainfall, the relative monthly application 
of pump water and the monthly volume of drainage water for Fields 3D and 11 
are given, together with rainfall. 

From the.se data we liave calculated the relative amounts of Ca, Mg and Na, 
which liave been applied to the fields and removed in the drainage. The.se data 
are shown graphically in Fig. 6, both in pounds and ratio by weight. 




uming pounds (.'ii, Mg jnd A i in uiigion iind di<uiiagt nnteis iiom rii 
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TABLE VI 

Ewn Plantation Company 

Field 3D; Ciop 1928; Dininafife Pi ojeet; 104.00 Aciea 


1926 
Dec. 

1927 
Jan. 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dee. 

1928 
Jan. 
Feb. 
Mar. 
Apiil 
May 
June 


1928 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Doc. 

1929 
Jan. 
Feb. 
Mar. 
April 
May 
June 
July 


Millions of Gallons 


Irii- 




gation 

Sprinkler " 

Total 

Bain 

4.88 

0.27 

4.65 

2.06 

5.99 

0.27 

6.26 

6.14 

2.91 

0.20 

3.11 

8.95 

7.97 

0.14 

8.11 

13.96 

5.74 

0.14 

5.88 

6.24 

14.24 

0.34 

14.58 

7.74 

18.65 

0.37 

19.02 

0.79 

18.16 

0.01 

18.77 

0.93 

22.63 

0.48 

23.11 

0.23 

20.14 

0.48 

20.62 

2.68 

17.46 

0.24 

17.70 

1.50 

17.74 

0.23 

17.97 

5.51 

2,98 

.... 

2.98 

64.39 

0.15 


6.15 

0.90 

15.29 

0.17 

15.46 

1.72 

10.78 

0.17 

10.95 

3.17 

8.97 

.... 

8.97 

4.52 

9.15 

0.10 

9,25 

« . • * 

.... 

.... 

.... 

2.06 


4.21 

213.54 

131.48 


Field 3D; 

Ciop 1930 Ist; 


19.13 

0.31 

19.44 

2.71 

15.12 

0.34 

15.46 

0.37 

14.11 

0.65 

14.66 

0.34 

15.84 

0.72 

16.60 

2.69 

9.05 

0.24 

9.29 

8.61 

8.02 

0.24 

8.20 

2.11 

13.78 

0.24 

14.02 

5.70 

8.69 

. • . i 

8.09 

33.14 

16.34 

0.29 

15.63 

0.84 

21.25 

0.73 

21.98 

1.71 

21.65 

0.74 

22.39 

8.25 

22.98 

0.37 

23.30 

0.34 

23.63 

0.64 

24.17 

0.68 


Total 

Millions of 

Pei Cent 

Water 

Gallons 

Dia- 

Eeeeived 

Dischaigc 

chaige 

6.71 

0.51 

7.61 

11.40 

0.98 

8.60 

12.06 

0.50 

4.14 

22.00 

1.13 

6.12 

12.12 

0.92 

7.61 

22.32 

2.10 

9.41 

19.81 

1.78 

8.98 

19.70 

1.83 

9.27 

23.34 

2.42 

10.35 

23.30 

2.68 

11.48 

19.20 

2.31 

12.01 

23.48 

2.99 

12.73 

67.37 

10.77 

15.98 

7.05 

0.77 

10.98 

17.18 

2.94 

17.11 

13.12 

1.60 

11.85 

13.49 

2.04 

16.14 

9.25 

1.78 

19.29 

2.00 

0.64 

30.81 

346.02 

40.65 

11.78 

Drainage Project; 106.00 

Acres 

22.15 

1.44 

6.50 

15.83 

0.65 

10.44 

15.00 

1.36 

9.02 

19.15 

1.83 

9.55 

17.90 

2.21 

12.86 

10.37 

1.73 

16.86 

19.72 

2.53 

12.85 

21.83 

2.83 

12.97 

15.97 

2.84 

17.76 

23.69 

4.22 

17.80 

25.04 

4.00 

16.83 

23.64 

3.74 

15.83 

24.85 

5.38 

21.67 


* Ovorboad Sprinkler System. 


For Cent 
Dischargo 
Without 
Bain 

10.99 

15.66 

16.06 

13.93 

15.09 

14.41 

9.36 

9.73 

10.45 

12.97 

13.03 

16.62 

361.17 

12.00 

19.02 

14.20 

22.77 

19.29 


19.03 


7.41 

10.69 
9.23 

11.54 

23.82 

21.10 

18.07 

32.69 
18.13 
19.19 
18.12 
10.00 
22.28 
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TABLE Vli 


Ewa Plantation Comijany 

Field 11; Crop 1928 Slioit; Drainage Project; 58.30 Acres Under Drainage 



Millions of Gallons 

Discharge in Millions of Gallons 

Per Cent 
Discliargo 
Without 


Ii'rigatiou 

Bain 

Total 

D-lOO 

D-200 

Total 

Per Cent 

Bn in 

1927 

Folk 


2.25 

2.25 


0.03 

0.03 

1.44 


Mar. 

5.09 

7.82 

12.91 

0.13 

1,07 

1.22 

9.44 

23.93 

April 

4.00 

3.50 

8.10 

0.12 

0,53 

0.67 

8.28 

14.55 

May 

7.00 

4.34 

11.34 

0.19 

0.72 

0.91 

7,99 

12.95 

June 

9.65 

0.44 

10.09 

0.06 

0.G7 

0.73 

7.19 

7.52 

July 

10.86 

0.52 

11.18 

0.14- 

0.54 

0.68 

8 03 

6.33 

Aug. 

11.25 

0.13 

11.38 

0.15 

0.73 

0.88 

7.78 

7.84 

Sept. 

11.53 

2.06 

13.59 

0.16 

0.75 

0.91 

6.66 

7.85 

Oct. 

10.60 

0.78 

11.38 

0.08 

0,73 

0.81 

7.18 

7.71 

Nov. 

4.94 

3.99 

8.03 

0.00 

0.18 

0.24 

2.63 

4.80 

Dec. 

2.49 

33.83 

30.32 

1.58 

3.59 

5.17 

14.23 

207.90 

1028 

Jan. 

0.49 

0.49 

6.98 

0.09 

0.33 

0.62 

8.97 

9.64 

Fcl). 

9.0O 

0.49 

9.40 

0.28 

0.89 

1.17 

12.27 

12.93 

Mar. 

8.22 

1.09 

9.31 

0.34 

0.78 

1.12 

12.01 

13.60 

April 

6.80 

3.21 

10.01 

0.05 

0.86 

0.91 

9.01 

13.26 

May 

4.73 

0.47 

5.20 

.... 

0.44 

0.44 

8.39 

9.23 

June 

.... 

0.57 

0.57 

.... 

0.02 

0.02 

4.21 

.... 


113.05 

85.98 

179.03 

3.45 

13.08 

16.33 

9.22 

14.00 


Field 13; Crop 1930 Plant; Drainage Project; 01.70 Acres Under Drainage 

1928 

July 

3.74 

1,32 

5.06 

0,02 

0.17 

0.19 

3.83 

5.18 

Aug. 

11.24 

0.35 

11.69 

0.24 

0.87 

1.11 

0,62 

9.92 

Sept. 

6.42 

0.01 

6.43 

0.22 

0.64 

0.80 

13.52 

13.52 

Oct. 

5.10 

1.79 

6.89 

0.48 

0.82 

1,25 

18.09 

24.45 

Nov. 

2.86 

4.67 

7.63 

0.34 

0.70 

1.04 

13.81 

30.41 

Dec. 

3.88 

1.46 

5.34 

0.16 

0.69 

0.83 

13.90 

21.87 

1929 

Jan. 

4.83 

4.09 

8.92 

0.35 

0.90 

1.25 

14.02 

25.88 

Feb. 

2.41 

5.53 

7.94 

0.21 

1.19 

1.40 

17.68 

58.23 

Mar. 

6.73 

0.13 

0.88 

0.30 

0.93 

1.23 

17.04 

18.30 

April 

7.50 

0.57 

8.13 

0.59 

0.76 

1.35 

10.53 

17.77 

May 

11.09 

1.24 

13.33 

0.74 

1.92 

2.66 

21.57 

23.98 

June 

11.70 

0.20 

11.90 

0.80 

2.00 

2.80 

23.50 

23.91 

July 

18.08 

0.27 

18.35 

1.43 

2.78 

4.21 

22.96 

83.30 

Fenr of the days estimated on account of the sticking of the 

meters. 
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TABLE Vni 
iEontlily Rainfall at Mill 
Ewa Plantation Company 


Year 1927 Tear 1928 Tear 1929 


Jnnnnry 0.31 2.44 

Febiuary 0 34 8.30 

March 0.60 O.OS 

April 2.21 2.03 0.34 

May 2.74 0.30 1.14 

June 0.28 0.36 0.12 

July 0.33 0.79 0.16 

August 0.08 0.21 .... 

September 1.30 0.03 .... 

October 0.49 1 09 

Novembei 2.52 2.79 .... 

0.87 


Fig. 6 does not cover the data in total. For Field 3D the period of May, 1927, 
to May, 1928, was selected, as this includes the heavy rainfall of December, 1927, 
For Field 11 the period of October, 1927, to November, 1928, was selected, which 
includes the heavy rainfall of December, 1927, and the period immediately fol- 
lowing that at which the field was limed. 

Field 3D: The heaviest applicaions of irrigation water were, of course, made 
during the summer months, and this is reflected in the large amounts of salt applied 
to the fields at this time. The effect of rainfall is quite significant. May, September, 
Noveml)er, and especially December, 1927, all show a salt removal above the 
average and were high rainfall months, as shown in Table VI. The high removal 
of salt in Decemlier is reflected in a reduction in January. This is an example of 
the effect of pure water upon saline soils in tliat permeability will be subsequently 
retarded unless there is an excess of calcium remaining in the soil solution. In 
terms of the ratio of actual weight of l)ases in the drainage, and tliat in the irriga- 
tion water, the comparison is very similar to the concentration ratio, as shown in 
Fig. 2. Sodium ratio is greater in the drainage water, whicli is a desirable feature, 
while calcium and magnesium are being reduced or, in other words, fixed by tlie 
soil. 

Field 11: As in Field 3D, the heavy rainfall of December is reflected in the 
large amount of l}ases removed in tlie drainage during tliis nion h. 'WTiile the 
sodium is increased, there is no evidence that lime which was applied in June has 
changed the relative amount of magnesium leached out of the soil. Except for 
December, the amotuit of bases in drainage is higher and very constant. In fact, 
the lack of variation in total amoimt of calcium, magnesium and sodimn leached 
from the soil following the application of lime, regardless of the amount of irriga- 
tion water applied, is remarkably consistent and indicates a better regulated move- 
ment of water. On the basis of weight ratio, the relation between calcium, mag- 
nesium and sodium is similar to the concentration ratio as given in Fig, 3, Calcium 
shows little or no reduction, and sodium is apparently being largely replaced by 
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magnesium. There has been little or no cliaiige in ratio since liming, indicating 
that any magnesium which may be replaced by calcium is being precipitated in 
the lower soil horizons. 

We have made no allowance in any of the preceding interpretations for the 
bases assimilated by the crop, but it is believed that these would be small in propor- 
tion to the amounts being applied in the water. 

Fig. 7 shows the total amount of the three bases whidi have been applied to 
Fields 3P and 11 during the time of the investiga’ion, and the amount removed 
during this time by the tile drains. As in our previous comparisons, the ratio be- 
tween the bases is about the sanre. This figure shows again that either the water 
being used on Field SD is more effective or that the tile installation is giving better 
.permeability. ,lt should -be- mentioned that both fields, contain sntall areas which 
„ are not drain^ by the tiles, and the data in Tables VII and VIII, showing the 
r^^l^unt of water applied, -cover the field as a whole. 
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Irrigation Water at Ewa 

Consiclerinff as a whole the composition of the soil zeolites, the soil solulion and 
the drainage waters from Ewa fields, and the fact that except for 20 inches per 
annum rainfall the plantation must depend entirely upon the artesian water supply, 
the present status of Ewa soils is quite good. AMiere injury to cane growth has 
occurred it appears to be due to salt accumulation rather than any chemical 
changes, to date, in the soil character. Where the soils are sufficiently permeable 
to permit a reasonable rate of water movement there lias been lit le or no saline 
accumulation and, coiiicidently little or no injury to cane growth or soil properties. 
As we have already pointed out, Ewa soils are abnonnally high in zeolite mag- 
nesium and the relative magnesium content of the irrigation and drainage waters 
indicates that the magnesium zeolite is progressively increasing. These data, how- 
ever, do not offer final proof as certain of the magnesium salts are quite unstable 
and may be precipitating in the soil in some form other than the zeolite. Our data 
indicate that in Fields 11 and 3D a near equilibrium has been reached lietween the 
soil and irrigation water. In view of this, and in view of the lower zeolite sodium 
as compared with mainland saline types, we sought to compare Ewa irrigation 
waters, as well as several other Island waters, with those on the mainland.* 
These comparisons are given in Figs. 8, 9 and 10. 

As already stated, the chemical changes in the soil zeolites are in most part a 
function of the ratio of Ca:Mg:Na in the irrigation water and the diflFerence in 
the affinity of the zeolite molecule for the respective bases. Keeping this in mind, 
and comparing our Island waters with mainland waters, the data are quite illumi- 
nating. In Figs. 8 and 9 it will be noted that local waters are predominantly high 
sodium wafers, and are not unlike the poor mainland waters in this respect. Even 
in our mountain streams, Waiahole ditch water and a Waianae spring, while the 
total salt content is very low, the sodium stands out as the predominant base. On 
the other hand, in not a single case does the magnesium exceed calcium in main- 
land waters, while in a number of the Ewa waters it not only exceeds calcium but 
in practically all samples is relatively higher than mainland waters. Attention is 
called to the waters on the extreme left of the figure, which have proven excellent 
for irrigation. They are predominantly high calcium waters. With the exception 
of several Waianae waters, no other similar types were found among this set of 
samples, which is fairly representative of the island of Oahu. 

The analyses calculated to Ca:Mg;Na ratio are shown graphically in Fig. 9. 
Referring again to the good mainland waters at the left of the graph, it is signifi- 
cant that the Belle Fourche and Nortli Platte irrigation projects have been re- 
markably free of alkali troubles. In fact, these two projects, out of the many in- 
stalled by the U. S. Reclamation Service, stand out prominently for their per- 
meable soils and absence of saline accumulations. This is due to the high ratio of 

* Some of these Island waters were analyzed by tlio 'writer and other data "were taken 
from the Experiment Station flies. The data on California water were taken from some 
of W. P. Kelley’s Imlletins. The data on Arizona waters from the Salt Kiver Valley 
were kindly supplied by P. S. Burgess. The data on other western waters were taken 
from pnblientionB of G. S. Scofleld, U. S. Department of Agriculture. 



206 



207 


calcium in the water. In Fig. 10 some waters from the Salt River Valley in 
Arizona are shown. A number of these are high-calcium waters, and it is signin- 
cant that in every case these waters represent sections of the valley which have 
never been troubled with alkali and, vice versa, the high sodium waters are from 
sections of the valley \vhere soil troubles liave been acute. 

Ewa waters have a considerably lower calcium ratio and a higher magnesiimi 
ratio than poor mainland waters, while the sodium is about the same. Waianae 
waters are higher calcium waters, while Honolulu Plantation Company waters 
are more deficient in calcium than those at Ewa. 

We are led to believe from this that since local waters are like poor mainland 
wa ers, high in sodium, and our calcium lower than poor mainland waters, the 
magnesium lias been the prime factor in retarding or limiting the fixation of 
sodium. Furthermore, there is much which leads us to doubt that sodium fixation 
will ever reach serious proportions at Ewa or any Island soils irrigated with simi- 
lar waters. In addition to the chemical data which have been presented, other 
conditions point to the same conclusion. We lack the wide climatic fluctuation of 
the arid and semi-arid west, namely, a rainy season followed by a hot, dry season 
during which there is usually very little vegetative growth to shade the soil. There 
will follow from these conditions an increase in salt content of the surface soil by 
capillarity and evaporation. Along with the absence of actively growing plants 
there is an absence of carbon dioxide secretion by roots which, in the form of 
bicarbonate, would tend to offset injurious effects of alkali. Our cane lands are 
imder continuous cultivation, sliaded most of the time and continuously irrigated. 
Then, too, our humidity is always high. Millar (6) has shown that when no 
vegetation was present in the field a considerable concentration of salts was noted 
ill the surface one- fourth inch of soil during periods of drought. When the soil 
supported a growth of vegetation the tendency of salts to accumulate at tlie surface 
was largely prevented. A similar condition has been noted by the writer on Island 
soils (1). 

In reclaiming alkali soils an effort is usually made to get alfalfa, an alkali-resist- 
ant crop, established as early as possible because the carbon dioxide root secretion, 
acting as bicarbonate, works for rapidly active and favorably reactive processes, 
largely as a solvent for calcium. A continuously growing crop is therefore recog- 
nized as a means toward staving off acute saline toxicity. If the soil is left un- 
shaded, thus pennitting an increase in salines, the less soluble calcium and mag- 
nesium will be the first to pass out of solution with an accompanying increase in 
the undesirable sodium. 

There is still another factor which may be involved in that our Island soils are 
highly basic, and any alkalinity which might be fomied by hydrolysis would, in 
part, react with aluminum and iron. 

So we feel safe in concluding tliat if any difficulties arise they will be due to 
excess fixation of magnesium rather than sodium. 

Gedroiz (7) in his early work on soil zeolites called attention to the high mag- 
nesium content of some compact Russian soils, and this has also been noted by 
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Kelley. Page and Williams (8) in England, and Hissink** in Holland, have also 
noted similar effects from excess magnesium fixation in soils which had been 
flooded by sea water. Hance [ 9 ) found high zeolite magnesium in Maui soils, and 
he experimentally demonstrated its effect upon soil properties. Gedroiz treated 
different samples of the same soil with the chlorides of sodium, potassium, mag- 
nesium and calcium, obtaining thereby a sodium-clay, a potassium-clay, a niag- 
nesimn-clay and a calcium-clay. The sodium-clay showed the greatest dispersion ; 
the potassium and magnesium clays similar dispersion but less pronounced, \ihile 
the calcium-clay was well flocculated. The tendency of clay to remain in a dis- 
persed deflocculated condition is closely associated with the liability of the respec- 
tive ions to hydrolysis and, as we have already mentioned, this relative tendency 
between liases is in the order Na>K>Mg>Ca. It is thus evident that to permit 
an increase in zeolite magnesium, while not so disastrous as sodium, \\ill work lor 
an undesiralile dispersed clay in the soil. The result will be a material reduction In 
permeability, aeration and development of other conditions characteristic of a soil 
of low fertility. 

Corrective Measures 

Knowing the properties of soil zeolites, such as their degree of hydrolysis, 
effect upon the mechanical condition of the clay and the respective affinity of the 
zeolite complex for the several common soil bases, it is easy to understand die 
commanding position which hme holds in the permanency of fertile soils. Tlie 
proper procedure, therefore, either for preventing magnesium accumulation in 
Island soils or to reduce the zeolite magnesium in the fields where excessive fixa- 
tion has taken place, is to use lime in some form. 

Increasing the calcium ra*io in the irrigation water liy means of such materials 
as gypsum or calcium chloride offers a number of advantages and will reduce 
fixation and give replacement of both magnesium and sodiiun. Some experiments 
along this line were tried both in the laboratory and in the field. 

We first conducted several experiments to determine the solubiliri' of carbonate 
and sulphate of lime in the irrigation water being used in Field 11. This was 
determined by two methods, as follows; An excess of each was added to two 
separate bottles each containing two litres of water. The whole was shaken several 
times a day for one week, then filtered, and calcium, magnesium and sodiimi deter- 
mined. As a second experiment, carbona'e of lime and gypsum were added and 
mixed with a column of silica sand and the irrigation water allowed to percolate 
slowly through the sand. Calcium, magnesium and soditmi were detennined in 
this percolate. The solulfility by both methofls agreed very closely and the data are 
shown graphically in Fig, 1 1 as ratio Ca;Mg :Na (6 and 7) as compared with the 
same water l)efore treatment (5) and a good mainland water (8). It is erident 
from this that this water may be converted to one of excellent quality by the use 
of gypsum. To liy this out on a field scale, a bag of g 3 rpsuin, with the side of 
tlie bag slit open, was placed in the ditch in such a manner that it was slowly dis- 
solved by the irrigation water, and this treatment continued from October 20 to 


* Cited by Page and WilliamB. 
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Fig. 12. fllmwing moelinuical stale of adobe elay ^\lKre no eoral is present. 



Fig. IS. Shoiving tlio effect of coial lock on the mcclianical condition of ndobd 
€lay. 
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27, 1927. The comparative analyses o{ the water taken from the ditch above the 
g 3 rpsum and 25 to SO feet below is shown in Fig. 11 as parts per million (1 and 2), 
and as ratio (3 and 4). The composition of the drainage water from this section 
of the field is shown in Fig. 5 The amount of calduni dissolved by the water 
in passing over the bag of gypsum is far below saturation, but in spite of tbs there 
is some evidence of improvement in the composition of the drainage water, all of 
wWch shows that increasing the ratio Ca:Mg and Na will effectively control 
fixation of the other two bases. 

As a practical procedure there are ceitain limitations to such an apparently 
simple me.hod. Our fields are not uniformly poorly drained. There are scattered 
areas of widely varying permeability, and an application of calcium in the iiriga- 
tion water would make less penetration in the areas where it is most needed, being 
too rapidly drained through the peimeable areas. Where such wide variations iii 
soil permeability exist in a field, hmestone appears the more feasible procedure. 

The heavy black clay which characterizes most of the poorly drained fields at 
Ewa occurs quite extensively in the lower fields of this Island We, therefore, 
sought fields of this soil t 3 q)e which had, during their formation, become mixed 
with coral rock. Such an area was found in Field 34, a peninsular field at Oahu 
Sugar Company, and, as we anticipated, the coral had greatly changed the soil to 
a very friable, mechanical condition, as shown in Figs. 12 and 13. In the former, 
the heavy soil texture is indicated by the manner in which the soil had caked on 
drying, while in the latter, the .same soil type, the soil is in a good mechanical con- 
dition as a result of the coral rock, which is evident in the illustration. Five sam- 
ples of soil were taken from this field, all representing the same black clay type. 
Numbers 22 and 23 were taken from opposite sides of the road, 22 being from a 
coral rock area, and 23 from an area free from coral and badly puddled. Samples 
24, 25 and 26 were taken from another section of the same field, 24 and 26 from 
coral areas, and 25 where no coral was present. 

The analyses of these soils are given in Table IX The zeolite base content is 
greatly different in the good and liad areas and correlates with the soil texture. 
This field is in the peninsular section of Oahu Sugar Company and very close lO 
sea level, and there is no question but that if the elevation were sufficiently high lO 
permit good water movement, the zeolite sodium and magnesium would be still 
further reduced. 
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There is, in the above, a natural example of the effect of coral rock, calcium 
carbonate, upon the mechanical texture and permeability of this black clay type 
and, incidentally, upon tlie zeolite magnesium and sodium. This effect of coral 
rock upon permeability has been furthei demonstrated in laljoratory experiments 
already published in the Record (10). Its effectiveness for the replacement of 
magnesium is shown in the following experiment : 

Two kilograms of soil were placed in each of four large glass percolators. One 
was leached with distilled water until it became so dispersed and swollen that per- 
colation was completely stopped. The second was leached with ten litres of the 
same artesian water being used in the field. The third was leached with artesian 
water after g 3 rpsum had been mixed with tlie surface layer of soil. The fourth was 
treated in the same manner except that ground coral rock was used instead of 
gypsum. The soils were then dried, ground and analyzed for zeolite calcium, 
magnesium, sodium and potassium. The results are given in the following table, 
together with the same soil, before treatment: 



Per Cent 

Per Cent 

Per Cent 

Per Cent 


Oiileium 

Hagnesinm 

Sodium 

Potassium 


Ca 

Mg 

Na 

K 

Check — ^no treatment 

219 

.116 

.047 

.013 

Leached with distilled water 

212 

.117 

.051 

.009 

Leached with aitesian water 

215 

.169 

.043 

.014 

Gvpsnm added to soil 


.103 

.044 

.016 

Coral rock added to soil 

883 

.076 

.031 

.014 


It is evident that leaching with distilled water, the amount we were able to 
leach through the soil, had little cfTecl upon the zeolite bases. The artesian water 
has greatly increased the zeolite magnesium, which confirms our field observations. 
The zeolite magnesium was considerably reduced by the gypsum, but much more 
effectively by the coral rock. 

Field 11 was harvested in June, 1928, and, in view of the fact that the ratoon 
crop liad ‘'gone back” noticeably in the poorer drained areas, the field was plowed 
and replanted. Ground coral rock, at the rate of 9 tons per acre, was applied be- 
fore plowing, leaving unlimed areas for comparison, and observation has indi- 
cated that there has been a noticeable increase in fertility and cane growth on some 
of the limed areas. A better peniieability is also indicated in the composition of 
the drainage water beginning with August, 1928, and there is some improvement 
in the Ca :jMg :Na ratio. Hence, tliere is plenty of evidence that such Island adobe 
soil types will be greatly benefited by liming and thoi by all means nitrate of lime 
is the most desirable form of nitrogen to apply io such fields. It should be men- 
tioned that Field 11 was plowed to a depth of 20 inches, and while we recognize 
that such a deep plowing would in itself improve the permeability of the soil in this 
field, we believe that it is in mos" part due to the lime application. 

Breazeale (11) has shown that when calcium carlDonate is present in the soil 
the calcium will react with the magnesium in irrigation water and then enter into 
base replacement reactions. He found that when calcium chloride and magnesium 
chloride were added in equivalent amounts to a soil containing bo h calcium and 
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magnesium zeolites, no Ijase replacement took place. This is similar to the con- 
dition which we have noted in Field 11, except that on an equivalent basis the 
magnesium is greater than the calcium in the irrigation water. Breazeale has fur- 
ther shown that the calcium present in the soil as calcium carbonate, when dissolved 
in water that contains carbon dioxide, will replace magnesium from zeolite. This 
is in accord with our findings. 

Calcium carbonate is solul^le to 10 parts per million in pure wa^er, will increase 
in solubility with increase m carl)on dioxide content of the water, and may reach a 
solubility of 1000 parts per million as calcium bicarbonate. Sodium chloride or 
sodium sulphate, Ijoth of which are present in our artesian waters, notably increase 
the solubility of calcium carbonate. While most calcium salts are less soluble than 
magnesium salts, this is not true of the hydrate and carbonate. Calcium hydrate 
is soluble to about 1600 parts per million, while magnesium hydrate is only soluble 
to 8-10 parts. From this it is evident that calcium carbonate may not only effec- 
tively function in base replacement, liut also function in precipitating magnesium 
as carbonate in the soil. Tlie high magnesium present in our coral fields is prob- 
ably there, in part, as the carbonate as well as the zeolite, and it is difficult to deter- 
mine the latter in the presence of the former. 

The chemical reaction known as base replacement is stimulated or retarded 
according to the rate or degree of ionization of the zeolite bases, and when ioniza- 
tion is stopped base replacement is no longer possible. For example, Breazeale (’ll) 
has shown that a 4 per cent solution of sodium chloride in a saturated solution of 
gypsum will completely stop replacement of sodium by calcium, if such a solution is 
used to leach the soil. 2 ])er cent solution of ]XJtassium chloride will in like 
manner stop replacement of potassiimi l)y calcium. It is evident from this that 
in a complex salt solution, sucli as an irriga'ion water, equililiriuui between soil 
solution and zeolites will continuously vary, I f permeability is reduced and salt 
accimiulation permitted, a rising concentration of undesirable bases, such as was 
found in Field C, for example, may completely stop ionization of the zeolite bases 
and no replacement will take place until penneability has been restored to the soil. 

Soil Acidity in Poorly Drained Areas 

In our discussion of the data in Table II we called attention to the high acidity 
which had developed in the subsoils of the poorly drained areas. These data, given 
in terms of pH and specific acidity, are given in the following tabulation : 

BJBAOTION AS pH 

Pieltl 11 IMelfl 11 Field A 

Poor Good Poor Good Poor Pool Good 


First foot 7.5 7.7 7.7 7.3 7.5 7.3 7.8 

Second foot 6.1 7.7 6.6 7.2 6.8 6.6 7.3 

Third foot 4.8 7.6 5.3 6.0 4.7 6.3 7.3 

Fourth foot . . , 5.1 
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BE ACTION AS SPECIFIC ACIDITY 


Fiist foot 

0.32 

0.19 

0.19 

0.30 

0.32 

0.30 

0.30 

Second foot 

8.00 

0.19 

3.20 

0.63 

16.00 

23.00 

0.50 

Third foot 

160.00 

0.32 

50.00 

10.00 

230.00 

,50.00 

0.63 

Fom th foot 



... 

— 

. .. 


80.00 

. .. 


This condition is directly a result of the highly dispersed clay in the soil and 
its accompanying effect upon soil permeability and aeration. The highly acid sub- 
soils were found only in the poorly drained areas in which aeration has been suf- 
ficiently reduced as to injure cane growth. Cane roots must have air as well as 
nutrients in order to properly and effectively function. Likewise, the activities of 
beneficial organisms are acutely retarded by lack of aeration. In their place 
another and undesirable soil flora is created, namely, the anaerobic organisms, 
which create an extremely toxic environment in the root zone. One effect of an 
aedve anaerobic soil flora is the development of soil acidity, and this is unques- 
tionably what has taken place in the poor spots in Fields 11 and A. The affinity 
of die soil zeolite for hydrogen, the acid ion, is so much greater than for the bases 
that it is rapidly absorlied by the zeolite in spite of the accumulated concentration 
of the liases calcium, magnesium and sodium in the soil solution. We believe that 
lime will, in addition to improving penneabilily, correct this acidity in the subsoils. 

Following the harvest of the 1928 crop in Field 11, D. M. Weller, at the re- 
quest of Mr. Alexander, made root counts in selected poorly drained and well- 
drained areas in this field. The roots growing in the kuakua and each eight inches 
of the soil horizon were separated and weighed. At the same time we made 
analyses of the soils from each horizon. These data were reported by Rlr. Alex- 
ander in the 1928 Proceedings of the Association of Hawaiian Sugar Tech- 
nologists, and on account of their significance are reproduced in the following 
tabulation : 


SHOWING ZEOLITE BASES, EEACTION AS pH AND WEIGHT OF BOOTS PRO^kl 
SEVERAL SOIL HORIZONS FROM GOOD AND POOR SPOTS IN FIELD 11 


Calcium 

Magnebium 

Sodium 

pH 


Wt. of Boots 

Good 

Poor 

Good 

Poor 

Good 

Poor 

Good Poor 

Good 

Poor 

Kuakua 256 

.201 

.116 

.126 

.016 

.028 

7.4 

6.7 

9.0 

35.7 

First 8 inches . . .223 

.204 

.108 

.114 

.016 

.073 

7.0 

7.1 

137.6 102.0 

Second 8 inches .136 

.151 

.092 

.086 

.019 

.018 

7.4 

6.6 

40.4 

3.9 

Third 8 inches. ... 

.134 

. . . 

.088 

• . . 

.037 

. . . 

5.3 

16.7 

.2 

Fonrth 8 inches .121 

.113 

.078 

.088 

.020 

.018 

63 

4.7 

2.8 

.1 

Fifth 8 inches. .133 

.083 

.088 

.074 

.020 

. . . 

5.7 

4.8 

.a 

.01 


These data are extremely significant and serve to emphasize die air require- 
ments of the cane roots. In the poorly drained spot there are practically no roots 
below eight inches. Ninety-seven per cent of tlie roots are present in the kuakua 
and eight inches of surface soil. The improvement in permeability from the tile 
drains has increased root growth 60 per cent. At the same time there has been 
an improvement in the zeolite composition, namely, an increase in zeolite calcium 
and a reduction in zeolite hydrogen, magnesium and sodium, all of which will 
work progressively for better soil fertility. 
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Discussion 

The results obtained in this invesli{>ation serve to establish a numlier of 
significant and im|X)rtant facts regarding the fertility of Ewa soils and can be 
applied to many other Island areas. None of the Ewa soils closely approach what 
we would tenii acute saline conditions. On the other hand, due to either poor 
drainage, soil texture, or high water talkie, there has lieen sufficient salt accumula- 
tion in some fields to reduce cane yields. It is significant in this connection that a 
recent survey of Ewa yields, by Das (12), covering a number of years, has shown 
that Lahaina failure at Ewa was definitely associated with certain soil types, 
notably the poorly drained. We have demonstrated the presence of high saline 
accumulations in such fields and it has heen shown that even when Lahaina was at 
its worst, during the dry years, the cane made excellent growth after a heavy rain. 
Therefore, the low fertility of the poorly drained fields is not of recent recognition, 
and within late years has led to the installation of tile drains in several such fields. 

The line of investigation which we have pursued has sought to augment our 
fundamental knowledge of the present condition of Ewa soils beyond a mere accu- 
mulation of salts and its physiological effect upon cane growth. 

That fraction of clay which is referred to as a zeoli'e compound lies at the very 
foundation of most soil properties, both desirable and undesirable. In Ewa soils 
we find that the sodium present as zeolite, while above the average of a normal 
soil, is far short of the recognized serious proportion. Tha^ this is true, in spite 
of the fact that high sodium waters are used to irrigate and heavy applications of 
nitrate of soda have been made over an extensive period of years, is very signifi- 
cant. Only where drainage i.s very bad has there been any evidence of an increase 
in zeolite sodiimi, and this is being effectively reduced l)y drainage. 

On the other liand, there are on this Island a num1;)er of scattered areas in 
which a heavy black clay type of soil exists. It has been found that the zeolite 
compounds present in this type are in large part, or in excess, combined with 
magnesium. The clay fraction of the soil when combined with an excess of mag- 
nesium will, like sodium, but to a lesser extend’, exhibit a high degree of dispersion. 
In fact, there may even lie an increase in the amount of clay in the soil, as shown 
by Gedroiz. He took a soil containing 39.9 per cent of clay, saturated it with 
sodium and thereby increased the clay to 59.8 per cent. Soils, then, containing an 
excess of sodium or magnesium zeolite, will usually be heavy clavs and be com- 
pos^ physically of a high percentage of the clay fraction. The hkvy clay, mag- 
nesium type, is present in. a number of Ewa fields and it is characlerislicallv dif- 
ficult to drain. The irrigation water in use at Ewa, as compared to a wide variety 
of irrigation waters in use on the mainland, contains an abnormally high mag- 
nesirai content in proportion to calcium. This high magnesium, together wi.h the 
caldum, has, in most part, prevented an excessive fixation of sodium as zeolite in 
Ewa soils. On the other liand, this high magnesium present in the water lias 
limited fixation of calcium, the fixation of which is highly essential in maintaining 
an optimum soil texture and a permanent soil fertili y. At the same time, the 
magnesium zeolite has increased in some fields, notably where drainage is poor 
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The problem then resolves itself into a reduction of zeolite magnesium in the 
poorly drained fields and a prevention of any further accumulation. 

We have made rather an exhaustive study of conditions in Fields 11, 3D and C 
where tile drains have been installed, and the evidence strongly indicates that 
while the tile drains effectively leach out the excess salt accumulation and lower 
the zeolite sodium, this practice probably will not reduce the magnesium unless 
supplemente 1 by some fonn of calcium. 

In areas where this black clay soil is located near coral fields, and along its 
border it lias become merged with the coral soil, the highly dispersed state is en- 
tirely changed to one of an excellently flocculated soil. This fact, together with a 
number of laboratory studies which have been described, shows beyond question 
that this soil type, even at its worst, will be greatly improved in fertility hy liming. 
Of course, the addition of gypsum or other soluble calcium salt to the irrigation 
wa'er to increase the calcium ratio of the water, as has been shown, would prove 
another effective procedure. But most of the areas of this soil t3rpe on Oahu are 
in the makai lands where ground coral rock can be veiy' economically obtained. 
The freight on gypsum, which must be imported, adds greatly to it® cost. 

IVe belicz^e zve have sufficicul ezndcncc to conclude that the fertility of poorly 
drained areas of this black clay type can be effectively improved by Ihmmj z>,Hth 
ground coral rock and by u^iuy nitrate of lime to supply the nitrogen requirements 
of the crop. 

Both as a matter of prevention, and as a stq) in the reclamation of lands already 
gone Iwl a great deal of attention on the mainland is lieing centered on the com- 
position of irrigation water. From a knowledge of the soluble bases and zeolite 
bases in the soil, and the composilion of the irrigation water, it is possible to pre- 
dict a great deal regarding the cultural possil)ilitics of the land. In some ways, 
tliough, the mainland problems are more simple tlian ours. As a rule, in main- 
land soils magnesium rarely enters the absorption complex in sufficient quantities 
to influence its properties. Their problem is confined largely to calcium and 
sodium, namely, to prevent fixation of the latter or to effect its removal where 
fixation has become excessive. Zeolite sodium much more disastrously affects soil 
properties than magnesium but is, on the other hand, more easily replaced by cal- 
cium and therefore it is much smipler to prevent sodium fixation than that of 
magnesium. The fixing power of clay is so much lower for sodium than for cal- 
cium or magnesium that unless the former is greatly in excess of tlie two latter 
there is not much danger of the clay becoming saturated Avith sodium. On tlie 
o her hand, the fixing power of clay for calcium and magnesium is so nearly 
equal that it becomes a much more difficult problem to control the fixation of 
magnesium, especially where our irrigation waters are already high in this base. 
It is not, however, an impossibility. 

That the tile drains in Fields 3D and 1 1 have effectively reduced salt accumu- 
lation in these fields is amply proven by the increased cane yields which have fol- 
lowed their installation. Leacliing will remove the salts, but unless some special 
provision is made the leaching process may not bring about the needed change in 
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zeolites. If a soil coii‘aiiis an excess of sodium or maonssium it will be, in part, 
toxic to plants even after leaching. Hence the operation should not stop with die 
Icacliing, if either of the above conditions exist, as the mechanical condition of the 
soil will be anything but optimum. In fact, some soil workers maintain that the 
poorly aerated condition of alkali soils is more toxic than the salts which they con- 
tain. The Arabs in the Algerian Oases have for centuries used waters containing 
4,000 to 8,000 parts per million salt l)y the practice of frequent heav>' applications 
and thorough drainage. 

That the poorly aerated soil is toxic toward cane roo's is amply demonstrated 
in the root excavation experiment of Alexander and W'eller, in Field 11, already 
cited. This toxic environment is probably due to less Icachuig in the poor spots. 
In leacliing salts from a field, the water docs not penetrate uniformly since a field 
is rarely of uniform permealnlity. Some areas may receive water in excess of 
crop requirements and evaporation losses, while others nia}’ not even receive suf- 
ficient for crop requirement. There may follow' then, in the poorly drained spots, 
a condition of partial stagnation, clue to lack of air and sufficient drainage to re- 
fresh the soil solution. In this connection some recent work hy Scofield (13) is 
of interest. In this he has shown that a further necessity for leaching the root 
zone is important from the standpoint of accumulation of salts rejee'ed 1)y the 
plaiat. Of the many inorganic constituents of irrigation w'ater some are used very 
little hy the plant. Crops do not al^sorb water and dissolved substances in the same 
proportion that the constituents occur in the soil solution. In his experiments, at 
the end of 24 days, the residual culture solu'ions contained 78-91 per cent of the 
salts originally present. Therefore, he concludes that saline irrigation water must 
lx: applied in sufficient cpiaiiiitics, not only to su])ply the croji needs and meet 
evaporation losses, but also to leach the root zone and carry away the salts that 
are left by the water which evaporates from the surface soil or is cabsorhed by die 
crop. He says that if waters contain 1,500 to 2,000 parts per million salt, 11 
cent should be allowed for root zone leaching. It wdll be iK)led in Tables VI mid 
VII that both Fields 3D and 11 show more than a 10 per cent excess leaching 
through the tile drains. 

In selecting a water for leaching a saline soil, mountain water would probabh^ 
prove disastrous. The jelly-like property of clay in heavy soils is a direct result of 
the hydrolysis of sodium or magnesium ions in the zeolite complex, a property 
only weakly exhibited by calduni. In the presence of an excess of a sodium salt, 
tlie hydrolysis of sodium zeolite will he greatly re.ardcd or completely stopped, 
'riie same applies to magnesium salts and magnesium zeolite. Under such con- 
ditions water should penetrate saline soils, and we know from experience tlial an 
excess of salt will floccidale most clays. On the oilier hand, in the absence of Jie 
respective base, or where it is present only in small amounts in the water, hydrolysis 
becomes active and the clay will swell to clog the interslicial spaces of the soil. 
Therefore, salt-free water should not be used beyond an initial reduction of salines 
and, following this, only after a soluble calcium salt has been added to the water. 
In fact, it may not be out of place to suggest an occasional application of a soluble 
calcium salt to our mountain water for “liard water makes soft land,** 
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Summary 

1. The nature of the soil zeolite bases in Ewa soils has been detennined. 

2. Except in a very few poorly drained spots zeolite sodium is not high in 
spite of the use of high sodium irrigation water. 

3. Some Ewa soils con ain more than the average zeolite magnesium and these 
are, on the whole, poorly drained types 

4. Tile drainage has effectively reduced salt accumulation and zeolite sodium, 
but has not effectively reduced zeolite magnesum. 

5. There is some reduction of zeolite magnesium m Field 3D, Ijiit little or 
none in Field 11 

6 Zeoli e mignesium can be reduced l)y gypsum, chloride of lime or ground 
coral ruck. 

7. Ewa waters are high magnesiimi waters and, therefore, when used on 
heavy clay soils, will work for better fertility if lime in some form is included in 
the programme of fertilization. 

8. All nitrogen applications on the heavy clay h-pcs would be better applied 
as hmc nitrate. 
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Annual Synopsis of Mill Data 


By W. R. McAllfp and W. L. McCleery 

Opera' ing data for the year ending September 30, 1929, are presented in this 
Synopsis. These data represent the production of 907,081 tons of sugar, an in- 
crease of approximately 1 per cent over the previous year. W^ile data are included 
from all factories in the Association, the number has been reduced from 40 to 39 
as the Halawa factory is no longer operated. 

At 12 factories, the operating year ending September 30 did not coincide exactly 
'vvith the crop year. These factories are indicated by appropriate marks in the first 
of the large tables. In ten instances the 1929 crop was not finished when data were 
transmitted. In five instances portions of the 1928 crop, ground subsequent to 
September 30, 1928, are included. 

Factories are listed in the tables in the order of their average production during 
the previous five seasons, except where otherwise noted. Operating data, together 
with averages for the past ten years, are in the first of the large tables. Correspoiid- 
ina averages for all factories except those using the Petree process, or modifications 
thereof, are in Table No. 3. The second of the large tables contains data on mill 
settings, etc. Data on cane, chemical control, milling, boiling house w'ork, etc., are 
presented in a number of small tables and discussed in the text. Data on juice and 
surface grooving have l>ecn omitted as there has been but little change since these 
were previously included in 1928. 

A new large table indicating capacities of factor> equipment has been included 
this year. In a few instances figures in this table are dimensions; all others are 
calcula'cd to ‘‘j^er ton cane hour,” on the basis of rated capacity. Data in this table 
have been brought up to dale by including improvements installed for the 1930 crop. 

Varieties of Cane 

Table 1 includes tlie same five major varieties as in 1928. In comparison with 
last year, increases are recorded for Yellow Caledonia and D 1135, and decreases 
for H 109, Yellow Tip and Striped Tip. This is the first decrecise which has been 
recorded for H 109, and the first increase for Yellow Caledonia since 1921. How- 
ever, according to Acres^e Census data, the area planted to Yellow Caledonia is 
decreasing, and further reductions in the proportion of this variety may be cx- 
l^ected. The increase in D 1135, while small in comparison \rith last season, is 
moderately large in comi)arison with 1927. Moderate increases over 1927 are also 
recorded for Yellow Tip and Striped Tip. 

MINOE VABIETIBS 

One Per Cent or More of the Crop at Any Pactory 


Uba 

71 

K 202 

16 

Striped Mexican 

64 

Bose Bamboo 

15 


.67 

U. D. 1 

12 

Badila 

46 

W 4 

05 

H 456 

86 

W 3 

04 

K 107 

30 

McBrydo 6 

04 

P. 0. J. Canes 

26 

D 117 

03 

H 8965 

10 

K 78 
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TABLE NO. 1 

MAJOE VAETKTTER OE CANE 
(One per (-cut or more of total crop) 



o 

1 

1 

d 

h 

1 

»*? 

CT 

P-4 

S 

o 

» 


o 

iH 

H 

1 

n 


.s* 

*Jh 

pq 

O 

_ 


1 

— 

— 




ir. c. & R. (^0 

{){) 





1 

Oahu 

88 


ii 

, , 


1 

Ewn 

1)7 





a 

Wninhm 

91 


5 



4 

Mnui. Agr 

8(1 



•• 


14 

Pioneer 

96 


2 



2 

01»a 


84 

10 




Lihiie. 

60 

1 

7 

18 


ii 

Ilaw. Rug 

84 

1 

13 

. . 


2 

Honolulu 

100 

•• 


•• 



Ouomca 


82 

5 

12 


1 

ICokalia 

8o 


5 



11) 

mio 

, , 

88 

10 

o 



Haw. Agr 

. . 

CO 

.37 

. , 


ili 

Wniluku 

81 

1 

5 

*• 


i.t 

Malcco 

.iO 

15 


11 


32 

Ili-iLoknn 

, , 

4 

73 

, , 


23- 

llaknlnu 

, , 

76 

4 

20 



McBrj'tle 

76 

3 

3 

2 


16 

Laupnhoelioe 

•• 

30 

37 

27 


•• 

Kaliuku 

1)0 

10 





lldiunkim 

. , 

24 

06 

10 



Popeckeo 

*6 

90 j 

4 1 



. . 

Piiauliau 

1 

82 

*8 


3 

Koloa 

72 

2 


20 


6 

Wninken 


1)S 

1 



1 

11(1 Wl 

i 

. . 

23 

*3 

64 

9 

Ilatchmsou 

. , 

61 

81 

, . 


8 

nouoniu 

, , 

89 

7 

o 


2 

Kaiwiki 

1 

20 

54 

20 


5 

Waimatuilo 

82 

8 

8 



2 

Kohiila 


3 

31 

‘6 

32 

27t 

Kilauea 

*0 

4 

4 

;u) 

4 

1 4;u 

Waianae 

100 


■ « 




Kacleku 


i66 


- 

•• 


tJniou Mill 



24 

1 

75 1 


Niulii 


io 

36 

26 



Wainica 

100 




23 1 

1 ;; 

Olowalu 

97 

! 


. . 

. . 

3 

True Average 1929 

53.1 

21,5 

13.0 

4.3 

1 

2.1 1 

1 GO 

“ “ 1928 

C4.7 

20.7 

12.9 

4.9 

2,2 

' 4.6 

ti i( 1927 

63.1 

23.7 

11.8 

4.0 

lie 

5 8 

“ " 1926 

48.7 

25.6 

12.1 

4.3 

2.1 

70 

“ “ 1925 

42 7 

80.7 

11.0 

1 2.7 

2.1 , 

, 99 

** 3924 

38.1 

32.6 

12.0 

1 2.3 

2.0 

13.0 

** 1928 

80.7 

30.3 

11.2 ' 

' 1.2 

1.6 1 

19.0 

“ “ 1922 

23,1 

40.8 

12.2 1 

2.7 

1.6 , 

12.1 

“ “ 1921 

16.0 

45.1 


1.2 

1.8 j 

1*5.9 

“ “ 1920 

9,1 

42.7 

1 10.0 1 

1 1.4 

2.1 

34.7 


•Uba, 1395 j; P. 0. J, canes 7%, 
tKohala seedJUbugs. 

I trba, 23%j Bafila, 15%. 
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The above tabulation probably includes all or nearly all varieties making uj) one 
per cent or more of the crop at any single factory, but it is prol^able that figures 
for the ratio of these varieties to the total crop are low in several instances as small 
amounts of minor varieties are not always reported separately. 

The following varie ies, H 8965, McBryde 6, K 73, and the “P. O. J. canes,” 
arc included in this classification for the first time. 

Quality of Cane 

The quality of cane, as indicated l)y “quality ratio,” is better than in 1927 and 
1928, but poorer than in other previous years except 1923, when an identical quality 
ratio, 8.57, was recorded. Fil:)er is slightly higher than in the two previous seasons, 
but lower than in other seasons since 1919. 

On Alaui the quality ratio is better than in any season since 1920. Formerly low 
fiber was an outstanding characteristic of Maui cane ; now the fiber is higher tlian 
on any other island. All factories on Alaui report increases in fiber and all except 
Olowalu reported increases in 1928, 

On Oahu quality ratio and also pol. are better than in any year since 1925, and 
tlie first expressed juice purity is better than in any year since 1915. Although 
fiber is slightly higher tlian last year, it is lower than on any other island. 

On Kauai and Hawaii quality ratio, ]iol. and first expressed juice purity are all 
better than in the past two seasons. Fiber has decreased slightly. 

The islands rank in the usual order on the basis of cane quality, that is, Maui, 
Oahu, ICauai, and Hawaii. 


Chemical Control 

Data for sucrose recovery on available and molasses produced on theoretical are 
in Tables 4 and 5. Gravity solids and sucrose balances are in Table 6. Data in 
these tables are useful for detecting avoidalile losses and for checking the accuracy 
of the chemical control. These tables have been continued in recent Synopses 
largely for the purpose of studying chemical control as applied to factory operation. 
With improvements in factory operation in recent years the influence of discrepan- 
cies in our control methods has become more apparent. While the effect of diese 
discrepancies is not known exactly, and, indeed, may vary somewhat under dif- 
ferent conditions, we do know that the calculated figure for available sucrose is too 
low. Likewise the calculated theoretical amount of molasses is too high. These 
factors must be taken into consideration when interpreting factory control figures 
and in examining control da' a for errors in the application of chemical control 
methods. 

Figures in Tables 4 and 5 indicate that tlie tendency toward reporting higher 
recoveries on available is continuing. One factory only has reported under 97 per 
cent against 3 so reporting last season. On the pol. basis (Table 4) 28 factories 
report 100 per cent or over, against a previous maximum of 26, and 11 factories 
report over 101 per cent against a previous niaximum of 10. On the sucrose basis 
(Table 5) 15 factories report 100 per cent or over, against a previous maximum of 
13, and two factories report over 101 per cait, the same iiumljer as last year. After 
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TABU] NO. 2 

COMPOaiTrON op cane by islands 



llawaii 

Maul 

1 

Ouliu 

Kauui 

Whole 

Uroup 

1920 

Pol 

12.86 

n.29 

13.75 

1 

13.07 

13.04 

Por cent Pibor 

13.36 

11.39 

12.00 

12.72 , 

12.64 

Purity 1st Expressotl Jaieo. . . 

87.87 

88.91 

85.40 

86.52 

87,24 

Quality Haiio 

8.45 

7.08 

8.07 

8.28 

8.00 

1921 




1 

1 

Pol 1 

12.25 

14.67 

13.72 

12.67 

13.12 

Por cent Pibor 

13.28 

11.82 

12.40 

13.28 

12,80 

Purity 1st Expressed Juieo. . . 

87.18 

87.37 

85.46 

84.07 , 

, 86.22 

Quality Eatio 

1 8.08 

7.51 

8.11 

8.70 ' 

' 8.41 

1922 

1 

1 





Pol 

1 12.07 

13.95 

13.61 

13.03 1 

12.97 

Per cent Pibor 

13.16 

12.38 

12.88 

13.22 

12.95 

Purity 1st Expressed Juice. . . 

87.17 

87.88 

86.18 

85.80 

86.84 

Quality Bntio 

9.19 

7.75 

8.04 

8.30 

8.45 

1923 






Pol 

12.09 

13.61 

18.90 

12.94 

12.78 

Por cent Pibor 

13.14 

12.01 

12.80 

12.99 

12.82 

Piu'ity Ist Expressed Juice. . , 

87.61 

88.65 

85.52 

80.58 

87.05 

Quality Eatio l 

9.12 

7.91 

8.50 

8.42 

8.57 

10S4 






Pol 

12.44 

14.31 

13.4S 

13.34 

, 13.20 

Per eent Pibor 

12.99 

12.10 

12.72 

12.94 

' 12.74 

Purity Ist Exiircssod Juice. . . 

87.98 

89.10 

87.02 

87.31 

, 87.86 

Quality Eatio 

S.S6 

7.58 

8.10 

8.12 

1 8.25 

192J 

Pol 

12.35 

14.42 

13.52 

13.24 

1 

1 13.22 

l*or cent Fiber 

12.92 

12.40 

12.60 

12.91 

‘ 12.74 

Purity lat Exprosaod Juice. . , 

88.02 

89.36 

87.11 

87.19 

! 87.92 

Quality Eatio 

8.02 

1 7.47 

8.18 

8.21 

1 8.28 

]»2(i 





1 

Pol 

12.53 

14.60 

13.40 

13.03 

1 13.24 

Per cent Piber 

12.90 

12.24 

12.72 

12.46 

1 12.66 

Purity Ist Expressed Juice.. 

87.69 

89.03 

86.61 

86.68 

87.45 

Quality Eatio 

8.80 

7.40 

8.29 

8.39 

8.30 

1927 






Pol 

11.34 

14.00 

12.61 

12.07 

1 12.32 

Per eent Piber 

12.84 

11.98 

12.29 

12.65 

12.49 

Purity let Expressed Juice.. 

86.27 

87.86 

85.87 

86.17 

‘ 86.28 

Quality Eatio 

9.81 

7.70 

8.86 

9.19 

1 8.99 

1928 

Pol 

11.67 

14.13 

13.09 

1 

12.09 

12.56 

Per cent Fiber 

12.68 

1 12.50 1 

12.13 

1«.82 

12.60 

Purity 1 at Expressed Juice . . 

86.60 

88.76 

86.8 1 

85.16 

, 86.84 

Quality Eutio 

0.02 

1 7.60 

8.45 

9.19 

1 8.79 

1929 

Pol 

11.80 

14.56 , 

13.49 

12.64 

1 12.00 

Per eent Fiber... 

12.68 

13.24 

12.28 

12.61 

1 12.62 

Purity Ist Expressed Juice.. 

86.65 

89.14 

87.17 

85.97 

87.18 

Quality Eatio 

9.68 

7 39 ( 

8.20 

8.70 

' 8.67 
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TABLE NO. 3 


True Averages of All Factories Except Those Using the Petrec Procofes 



1 

1924 

1926 


1927 

1928 

1029 

Cane — 

1 

1 






Pol 


12.99 

12.99 

i 12.05 

12.30 

12.63 

Fiber 

12.82 

12.80 

12.71 

12.55 

12.47 

12.54 

Tons per ton sugar 

8.40 

8.45 

8.50 

9.24 

9.03 

8.75 

Bagasse — 







Pol 

1.52 

1.64 

l.jS 

1.60 

1.53 

1.55 

Moisture 

41.26 

41.25 

41.09 

41.61 

41.36 

41.40 

Fiber 

66.74 

56.55 

56.64 

66.20 

56.42 

56.31 

Pol % cane 

0.34 

0.35 

0.35 

0.33 

0.34 

0.34 

Pol % pol of cane 

2.63 

2.69 

2.73 

2.77 

.2.76 

2.72 

Milling loss 

2.68 

2.73 

2.70 

2.60 

2.72 

2.7t 

Weight % cane 

22.50 

22.63 

22 44 

22.33 

22,11 

22.26 

First Expressed Juice — 







Brix 

18.34 

18.14 

18.21 

17.17 

17.45 

17.76 

Pol 

10.07 

15.91 

15 88 

14.74 

13.08 

15.40 

Purity 

87.61 

87.07 

87.05 

85.84 

80.41 

86 69 

“Java ratio “ 

81.4 

81.7 

81.8 

81.7 

81.6 

82.1 

Mixed Juice — 







Brix 

13.37 

13.44 

13.05 

12.88 

13.04 

13.29 

Pol 

11.31 

11.38 

n.48 

10.67 

10.89 

11.15 

Purity 

84.56 

84.67 

84.12 

82.88 

83.47 

83.89 

Weight % cane 

112.66 

111.03 

110.10 

109.71 

109.87 

110.18 

Pol % cane 

12.74 

12.64 

12.64 

11.71 

11.90 

12.29 

Extraction 

07.37 

97.31 

07.27 

97.23 

97.24 

97.28 

Extraction ratio 

20.5 

21.0 

21.0 

22.1 

22,1 

21.7 

Last Expressed Juice — 







Pol 

1.84 

1.90 

2.00 

1.88 

1.94 

1.99 

Purity 

71.73 

69.63 

08.72 

07.70 

68.39 

63.73 

Maceration % cane 

35.30 

33.66 

32.54 

32.04 

31.99 

32.44 

Syrup — 







Brix 

03.18 

63.63 

64.21 

62 91 

6.3.05 

63.83 

Purity 

86.02 

85.95 

85.40 

84.54 

84.80 

85.24 

Increase in purity 

1.46 

1.28 

1.37 

1.66 

1.39 

1.35 

Lbs. avail. CaO per ton cane.. 

1.72 

1.56 

1.66 

1.52 

1.46 

1.38 

Press Cake — 







Pol 

2.10 

2.17 

2.49 

2.22 

2.84 

2.27 

Weight cane 

2.45 

2.45 

2.63 

2.67 

2.87 

2.87 

Pol % cane 

0.05 

0.06 

0.07 

0.06 

0.07 

0.07 

Pol % pol of cane 

0.40 

0.41 

0.50 

0.49 

0.55 

0.32 

Commercial Sugar — 







Pol 

97.20 

97.23 

07.29 

97.40 

97.49 

97.64 

Moisture 

0.78 

0,74 

0.60 

0.64 

0.62 

0.58 

Weight % cane 

11.91 

11.83 

n.77 

10.83 

11.08 

11.43 

Pol % cane 

11.58 

11.60 

11.45 

10.55 

10.80 

11.16 

Pol % pol of cane 

88.76 

88.78 

88.41 

87.96 

88.21 

88.59 

Pol pol of juice 

91.16 

01.24 

90.05 

90.45 

90.70 

91.06 

Deterioration factor 

0.20 

0.27 

0.24 

0.25 

0.25 

0.25 

Final Molasses — 







Weight % cane 

2.83 

2.82 

2.94 

8.02 

2.97 

2.98 

Sucrose % cane 

0.97 

0.93 

0 90 

1,01 

0.98 

0.98 

Sucrose % pol of cane 

7.46 

7.20 

7.03 

8.37 

8.00 

7.77 

Sucrose % pol of juice 

7.65 

7.40 

7.84 

8.60 

8.22 

7.98 

Gravity solids 

80.08 

90.09 

89.50 

89.43 

88.77 

88.82 

Gravity purity 

37.81 

86.97 

87.62 

37.40 

37.41 

37.13 

Undetermined Losses — 







Pol % cane 

0.14 

0.16 1 

0.13 

0.11 

0.11 

0.09 

Pol % pol of cane 

0.76 

0.02 1 

0.73 

0.41 

0.48 

0.40 
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careful btiicly of these data and chemical control methods, toj^elher with observa- 
tions in factory practice during a numljcr of years, it is apparent that figures for 
“recovery on available” slightly in excess of 100 per cent, even on a sucrose basis, 
are not necessarily inconsistent, nor are they necessarily due to errors in the applica- 
tion of our fac ory control methods. There is little question but that this tendency 
tOAvard higher figures fur recovery on available reflects improvement in boiling 
house work. 

Figures in Table 4 for molasses produced on theoretical are basel on tlie as- 
sumi)tion that gravity solids in syrup minus gravity solids in the commercial sugar 
should be accounted for in the final molasses. The arithmetical average of figures 
for molasses per cent theore'ical in Taldc 4 is 89.9 . The average for the past 
seven seasons is 90.2 ; averages for these seasons varying between a minimum of 
8S.6 and a maximum of 91.2. 

A1 classes figures in Table S are calculated from vsuciose data, using the s. j. *n. 
formula. The average on this basis is 89.1 and the average for the past 4 years 
89.6. So far as we can infer from these averages, discrepancies in control methods 
result in a calculated theoretical figure some 10 per cent too high. While the in- 
fluence of these discrepancies may vary more or less at individual factories, it seems 
reasonable to assume tentatively that a range of 5.0 on each side! of the alcove 
average on the s. j. m. formula basis, of 89.6, should include all accurate figures; 
that figures alwe tliis range indicate the probability of control errors or inversion 
losses, and figures below this range, control errors or undetennined loss of solids. 
Ten factories listed in Table 5 arc outside of tliis range: Olaa, Honolulu, Haw. 
Agr., Makec and Koloa being above, while Lihuc, Hilo, Waiakea, Waimanalo, .ind 
Olowalu are below. 

CJravity solids and sucrose l)alances for factories reporting on a sucrose 1)asis 
are in Table 6. Small negative undetermined losses of sucrose are recorded for 
two factories. No negative undetermined losses of solids are reported. 

Table 7 is a compilation of sucrose da' a. Two additional factories liave re- 
ported sucrose data this year, liringing the total numl^er so reporting to 33. These 
factories produce 96 per cent of the crop. 

As figures for undetennined loss based on pol. are lower than the actual un- 
determined loss, it is of interest to determine wliat correction should 1)c applied to 
averages for undetermined loss in the large table to arrive at an approximately 
correct figure. In the following comparison, figures lalmlated under “vsucrose 
l)asis” are averages from Table 7. Figures under “pol. basis*' are averages for the 
same factories included in tlie “sucrose basis” column. 


UNDETERMINED LOSS 


’^’ear 

SucroBc Basis 

i*ol. Basis 

Difference 

1926 

1.20 

.36 

.84 

1927 

1.13 

.26 

.87 

1928 

1.21 

.28 

.93 

1929 

Average. . . 

1.06 

,18 

.87 
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TABLE XO. 4 

APPABBXT BOILING HOUSE RECOVERY 


Compjiring per coiit availablo sucro&o in the syrup (ciilculatccl Ly formula) with per coat 

pol actually obtained. 


Pactoiy 

Available" 

Obtained 

Eecovoiy 

oil 

Availablo 

Molas&r's 
Produced on 
Theoretioalt 

H. 0. & S. Co 

94.63 

9.j.72 1 

101.2 

04.0 

Oahu 

91.16 

93.33 

102.4 

91.2 

Ewa 

92.09 

92.15 

100.1 

87.7 

Waiulua 

92.1H 

02.14 

100.0 

88.0 

Maui Agr 

03.52 

94.82 

101.4 

92.3 

Pioiioor 

92.31 

92.42 

100.1 

87.4 

Olaa 

91.27 

90.24 

98.9 

101.2 

Lihuo 

90.15 

91.08 

101.0 

81.2 

Haw. 8ug 

93.23 

94.43 

101.3 

95.1 

Honolulu 

92.05 

91.20 

99.1 

91.1 

Onomoa 

91.44 

91.96 

100.6 

92.4 

Kokalia 

91.25 

91.50 

100.3 

86 2 

Hilo 

92.40 

91.62 

99.2 

81.4 

Haw. Agr 

90.47 

90.19 

90.7 

92.2 

Wailuku 

91.44 

91.91 

100.5 

93.3 

Makco 

87.82 

87.97 

ioo.:i 

93 3 

Houokaa 

89.56 

89.88 

100.4 

91.7 

Ilnlcalnu 

92.14 

93.02 

101.0 

1 89.4 

McBrytlo 

91.64 

92.71 

101.2 , 

, 92.2 

Laiipahoehoo 

92.S4 

01.45 

98.5 1 

1 85.3 

Kahuku 

91.20 

93.91 

103.0 

91.6 

Piamakua 

92.89 

93.86 

101.0 

89.0 

Pcpeekoo 

92.81 

92.85 

100.0 

90.2 

Paauhau 

89.80 

90.08 

100.3 

85.3 

Koloa 

90.98 

02.42 

101.0 

100.1 

Walakoa 

89.37 

89.02 

99 6 

, 80.1 

Ilawi 

80.03 

89.49 

100.3 

1 95,1 

ITutcluUBOU 

91 84 

92.81 

101.1 

1 88 6 

Hononiu 

92.52 

93.00 

100.5 

94.1 

Kaiwiki 

90.06 

00.43 

100.4 

93.3 

Waimanalo 

88.80 

90.27 

101.7 

851 

Kohala 

90.03 

90.79 

100.8 

1 85 9 

Kilnuea i 

83.06 ! 

83.49 

99.4 

I 80 9 

Waianne 

90.84 

89 67 

98.7 

817 

Kaeleku 

88.66 

88.23 

99.5 

1 81.6 

Union Mill 

88.31 

89.81: 

101.7 

1 

1 

Niulii 

85.23 

87.82 

102.5 

■ • . 

Waimoa 

01,31 

84.99 

92.9 

■ . • 

Olowalii 

88.18 

85.72 

97.3 

74,5 


* In order to calcnlate the are liable •ncro«e it ii necessary to pstimaTe the crravity purity of the 
■ymp ond sugar. Data from factories determining both apparent and gravity purities indicate that the 
average correction necessary is the addition of 0.8 to the apparent punty of the syrup and 0.8 to the 
apparent purity of the sugar. TVhen moisture in sucar has not been reported, the moisture correspond- 
ing to 0.25 deterioration factor has been used. 38 has been used when the gravity purity of the 
molasses has not been reported. 

T Gravity solids in syrup, less solids accounted for in commercial sugar considered as theoretical 
gravlt> solids in ffnal molasses. 
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TABLE NO. 5 

TEDE BOlLTNQ-irOLSE RECOVERY 
Comparing per cent sucrose available and recovered 


Factory 

Aviiilablo 

Obtained 

% Recovery 
on 

Available 

Molnssea 
PioduccMl on 
Tlioorcticnl** 

ir. C. & B. Co 

94.04. 

95.11 

100.5 

90.5 

Oahu 

91.28 

92.22 

101.<» 

8S.U 

Ewa 

92.22 

91.08 

98.8 

90.2 

Wnialua 

92.30 

00.4i) 

98.0 

00.0 

Maui Agr 

93.51 

94.29 

100.8 

88.0 

Pioneer 

02.36 

91.53 

99.1 

89.1 

Cilia 

90.70 

89.93 

99.1 

101.6 

Lihuo 

90.35 

89.89 

99.5 

80.7 

11 aw. Bug 

93.23 

93.73 

100.5 

91.4 

lEonoluln 

92.35 

89.67 

97.1 

100.7 

Ouomea 

91.34: 

91.66 

100.4 

91.7 

Kekahn 

91.38 

91.26 

100.1 

86.0 

Hilo 

02.13 

91.36 

99.1 

S.!.? 

Haw. Agr 

90.01 

89.38 

98.6 

96.6 

Wnlluku. 

91.06 

91.20 

99.6 

93.8 

Mukeo 

88.18 

86.43 

98.0 

95.0 

Uonokua 

89.59 

89.42 

99.8 

92.1 

Ilukiilau 

92.28 

92.40 

100.1 

80.8 

McBL*ydo 

91.70 

01.81 

100.1 

90.5 

Laupahoehoo 

92.72 

91.16 

98.3 

91.9 

Kaliuku 

91.47 

02.00 

101.2 

86.2 

Uamtikua 

92.87 

93.45 

100.6 

87.1 

Pepeekeo 

92.77 

93,01 

99.8 

92.0 

Paauliau 

89.80 

89.45 

99.6 

85.7 

Koloa 

91.17 

91.45 

100.3 

98.1 

Wainkea 

89.53 

88.20 

98.5 

83.8 

nutcliiuBon 

91.72 

92.43 

100.8 

85.9 

Ilouomu 

92.33 

02.88 

100.6 

92.4 

Waimannlo 

88.72 

89.73 

101.1 

81.5 

Kobala 

90.04 

90.30 

100.3 

84.6 

Kilanea 

84.02 

82.55 

98.3 

87.5 

Waiaiiao 

90.97 

88.92 

97.7 

86.7 

Olovralu 

88.03 

85.38 

97.0 

80.5 


* Cnlculated by the S. J. M. formula. 
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According to the above, adding .88 to crop averages for uiide'ermiiied loss in 
the large table should give approximately correct figures. With this correction 
the 1929 figures for imdetermined loss become 1.12 per cent. 

There has been no increase in the numlier of factories weighing mixed juice and 
molasses. Mixed juice is weighed at 35 factories and measured at 4. Molasses xs 
weighed at 28 factories, and measured at 8. Neither weights nor measurements 
are reported from 3 factories. 

pH data are reported from 34 factories. While this is one less than last year, 
the reduction is due to closing Halawa factory. Three additional factories report 
clarified juice turbidity, bringing the total so reporting to 27. 

Attention is again called to averages in Table 3 for factories that do not use the 
Petrec process and to the necessity of consulting these data when drawing Infei- 
enccs from yearly averages, because of the disturbing effect of data from Petree 
process factories on many of the averages in the large table. 

Milling 

^lining work is appreciably better than in the previous season, although both 
the average grinding rate and fiber in cane are higher than last year. On the other 
hand, extraction has liecn somewliat favored by higher pol. in cane. The average 
exi-raction has increased from 97.26 to 97.35, tlie extraction ratio has decreased 
from 21.9 to 21 0, and the milling loss has decreased from 2.75 to 2.72. The im- 
provement lias brought the extraction to a higher point than in previous seasons 
except 1920 and 1921, and has reduced the milling loss to a lower point than in any 
previous season except 1921. Higher extraction is reported from 22 factories, 
while lower extraction ratio and lower milling loss are each reported from 17 fac- 
tories. The improvement in milling work, however, may be attributed mainly lo 
results at the larger factories, as 8 of the 10 larger factories report better work. 

A condensed tabulation of milling data follows : 
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1921 ... 


, , 

30 58 

1.40 

17.9 

.. . 39.30 

2,64 

20.1 

97.43 

10:22 . . . 



39 93 

1.34 

19.9 

03 2 34.75 

3.02 

23.3 

96.98 

1923 . . . 



.. 42.03 

1.36 

20.0 

66.2 33.12 

2.76 

21.6 

97.23 

1924 .... 



. 43.03 

1.62 

20.0 

06.9 34.90 

2.78 

21.0 

97 33 

1923 . . . 



. 45.31 

1.71 

1 78 

21.8 

22.5 

00.5 83.63 

07.4 33.61 

2.82 

21.3 

21.7 

97.20 

07.25 

1920 . . 



. 40 43 

2.88 

1927 . . . 

. . . . 


. 47.87 

1.78 

22 2 

68.2 32.53 

2.73 

22.2 

97.23 

1928 . . . . 




. 49.30 

1.83 

22.9 

70.5 32 16 

2,75 

21.9 

97.26 

1029 . . . 



.... 

. 50,98 

1.89 

28.9 

70.4 33.26 

2 72 

21.0 

97.35 


This is the eighth consecutive season for which increases in the average grind- 
ing rate are recorded. During this period the average figure for tons of cane 
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ground per hour has increased 40 per cent. Twenty-seven factories report in- 
creases this season. 

Eighteen factories report increases in pressure against eight reporting decreases. 
The average for tons pressure per foot of roller has not increased, as moderately 
large decreases at three or four factories have offset increases reported from a 
considera])le number. 

^laceration per cent cane is 1 10 higher than last year, bringing the average lo 
33.26. This is the first time in seven years that an increase in maceration has been 
reported. The tendency toward an increase has not lieen general, the number of 
factories reporting increases and decreases being practically the same. 

The average pol. in bagasse has decreased from 1.55 to 1.54. The improvement 
is not general, as lower figures are reported but from 16 factories. Moisture in 
bagasse has decreased from 41.48 to 41.24, the latter figure being lower than in 
any season except 1920 and 1921. In this case also, l)ut 16 factories report lower 
figures, so the improvement cannot l)e considered general. 

The purity drop from first expressed to mixed juice in non-Petree process 
factories lias decrea^^ed from 2.94 to 2 80. The best previous figure was 2.90, 
attained in 1923. The purity drop between first ex^ircssed and last expressed 
juice also has decreased, the average being 18.10 this year, against 18.35 in 1928. 
Reducing these purity drops and at the same time o])taining higher extraction re- 
flects an appreciable improvement, which may be altriljuted to better mill sanitation, 
to reduction in Ihc amnmt of field trash, or to both of these factoi'“\ j\n increase 
ill Java ratio, nutwilhstanding an increase in cane fiber, lends to corroliora e this 
observation The Java ratio has increased from 81.5 lo 82.0; the highest figure 'n 
tjn years. 

But few additions have been made to milling equipment. A Krajewski crusher 
has been installed at ( )laa and knives have been installed at Kekaha, Onomea, and 
Waianae, the lalter installation being a second set. Increased maceration at a num- 
ber of the larger factories in conibinalioii with the same or heavier pressure appear 
to be major factors in the improvement in milling work. 

Factories are listed in the order of the size of their milling loss in Talde 8. 
Waimanalo, Hakalau and Onomea are again in first, second, and third positions 
respectively. The first five factories in this table have been at the head of die 
list for the last three years. Factories that have bettered their position five places 
or more are: Olowalu, Hawaiian Sugar, H. C. & S, Co., Pioneer, Waimea nnd 
Makee. Two of these factories report decreases and four increases in grinding 
rate. All except Waimea rqiort increases in maceration. The following have 
dropped five places or more : Hawi, Kilauea, Haniakua, and Waialua. a\Il of these 
factories report decreases in maceration and increases in grinding rate. 

The previous record of 9 factories reporting 98 extraction or over has been 
equalled this season. Six factories report under 2.0 milling loss, against 5 last 
year and a previous maximum of 8. No factory has equalled either the previous 
record of 99.07 for extraction, made at H. C. & S. Co. in 1921, or the previous 
record of 1.08 for milling loss made at Hakalau in 1925. 
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TABLFi NO. 8— MILLING EESULTS 


Showing the Bank of the Faetoiies on the Basis of Milling Loss. 


Blink 

1928 

Bank 

Factoiy 

Milling 

Loss 

Extinc- 

tion 

Batio 

Extrac- 

tion 

Maceia- 

tioii 

Tonnage 

Ratio 

Tonnago 

Pibei 

Batio* 

1 

1 

Waimanalo .... 

1.34 

10.7 

98.58 

40.21 

2.08 

27.52 

3 

2 

Hakalan 

1.34 

11.6 

98.37 

38.23 

1.71 

21.10 

3 

3 

Onomoa 

1.74 

13.4 

98.10 

33.45 

2.05 

25.28 


5 

Honomu 

1.76 

14.9 

98.20 

38.97 

1.47 

17,82 

5 

4 

Hilo 

1.78 

15.1 

98.08 

33.17 

1D5 

24.78 

6 

10 

Ewa 

l.SS 

13.4 

D8.S9 

39.13 

1.68 

21.47 

7 

8 

Paanhau .... 

2.04 

18.3 

97.54 

39.57 

1.14 

15.29 

8 

7 

Wailnku 

2.06 

15.4 

98.U 

40.77 

1.29 

15.54 

9 

14 

Olowalu 

2.09 

16.0 

97.82 

42.83 

1.54 

20.96 

10 

11 

Lihuo 

2.20 

18.1 

97.79 

37.05 

2.20 

27.94 

11 

13 

Oahu 

2.22 

16.4 

08.04 

80.99 

1.94 

23.18 

12 

9 

Kahukn 

2.23 

19.3 

97.72 

30.71 

1.63 

10.30 

13 

12 

Pepeekeo .... 

2.24 

18.3 

97.72 

29.54 

1.97 

24.27 

14 

21 

Haw. Sag 

2.27 

15.6 

98.00 

36.59 

1.71 

21.89 

lo 

26 

H. 0. & S. Go. 

2.27 

14.8 

97.99 

43.01 

1.78 

23.82 

16 

15 

Kekaha 

2.47 

18.1 

97.86 

28.59 

1.97 

23.25 

17 

25 

Pioneer 

2.49 

17.5 

97.62 

32.61 

2.29 

31.37 

18 

22 

Mam Agr 

2.54 

16.6 

97.83 

39.74 

1.91 

24.91 

19 

G 

Hawi 

2.55 

21.3 

97.16 1 

1 24.56 

1.81 

34.36 

20 

19 

ICohnln 

2.67 

22.6 

97,13 ' 

' 41..53 

1,59 

20.07 

21 

37 

Koloa 

2.74 

23.6 

96.98 

33.90 , 

, 1.33 

17.01 

23 

18 

Haw. Agr 

2.76 

23.2 

97.23 

18.25 ' 

' 2,01 

24.04 

23 

1 30 

Waimoa 

2.81 

20.7 

97.38 

27.33 

1.56 

19.73 

24 

I 23 

Laapahochoe . . 

2.80 

23,3 

97,07 

33.78 i 

1 1.68 

23.15 

23 

24 

Uutehinson . . . 

2.92 

22.0 

97.15 

27.48 

1.92 

24.83 

26 

20 

Kilanea 

1 

3.32 

1 

35.6 

95.70 

22.78 

1.74 

21.37 

27 

36 

Mokee 

3.48 

31.4 

95.74 

31.20 

2.25 

30.53 

28 

31 

Waiauae 

3.49 

25.0 

97.00 

30.31 

1.58 

18.93 

29 

16 

Hamakua 

3.01 

30.3 

96.24 

19.54 

1.42 

17.69 

30 

29 

Olaa 

3.63 

29.1 

96.56 1 

1 27.39 

2,05 

24.27 

31 

32 

Waiakea. . 

3.66 

30.9 

96.03 

37,38 

1.66 

21.85 

33 

28 

MeBryde 

3.07 

27.2 

1 96.36 

86.55 

1.62 

20.32 

33 

27 

Waialaa 

8.78 

26.1 

96.66 

33.23 

2.50 

83.10 

34 

34 

Honolulu 

3.76 

1 27.4 

1 96.91 

1 31,97 

1.89 

21.84 

35 

35 

Kaiwiki 

4.13 

33.3 

95.74 

26.40 

1.76 

22.65 

36 

37 

Kaoleku 

4.21 

35.2 

94.98 

32.28 

1.88 

26.08 

37 

33 1 

Honokna 

4.26 

40,0 

95.02 

28.21 

1.68 

20.00 

33 

38 1 

Niulii 

4.94 

48.6 

> 93.35 

1 26.24 

1.85 

26.18 

39 

40 1 

Union Mill.... 

6,16 

; 54.6 

92.12 

1 20.57 

1.69 

24.39 


Touunge ratio multiplied by per cent flhor in cane. 
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Data from H. C. & S. Co. furnish ackUlional information on the effect of re- 
Itinimg mud to the mill; a sul)ject which has lieen of considerable interest in 
Hawaii since the introduction of the Petree process. At this factory Peck strainers 
covered with 100- to 150-mesh screens are used for the mixed juice. The settlings 
are concentrated in Kopke centrifugal separators, reducing the moisture content lo 
about 76 per cent, and the pol. to l}etwcen 2 5 and 3.0 i^r cent. In 1928 the mud 
from the Kopke separators was returned to the mill. In 1929 the mud was dis- 
carded. The reported extraction improved from 97.35 to 97.99, notwithstanding 
an increase of .68 in cane fiber. These extraction figures, however, are not exactly 
comparable, as the increase in the amount of bagasse, corresponding to the returned 
mud, was not taken into consideration in calculating the 1928 extraction. Assum- 
ing the same proportion of mud as in 1929, this correction is equivalent to .10 in 
extraction and the corrected gain in extraction liecomes .74. Subtracting the 1929 
loss in Kopke mud, 43 leaves a net reduclion in losses of .31. Although the grind- 
ing rate was 1.34 tons less than in 1928, on account of higher fiber in the cane, 
the operating capacity as indicated by tonnage-filier ratio figures, was 3 per cent 
greater. Moisture in l^agasse was decreased from 41.97 to 38.24, and maceration 
was increased from 35.75 to 43.01, indicating the probability tliat the improvement 
in extraction is due both to more effective ai^plication of pressure and to ability 
to apply heavier maceration. 


PoiLiNc, Holtsi: Work 

Data for 1)oiling house work indicate an iniprcwcment in tins department also, 
although one important detail, clarification, is less satisfactory than last year. 

Clarificaiion: Referring to data for non-I^etree proces.s factories in Table 3, 
wc find that with a decrease of .08 jioiind in the amount of CaO per ton of cane, 
tlie increase in purity from mixed juice to syrup is .04 less than last year. Higher 
grinding rates in the last few years, with but little increase in facilities for filtering 
settlings, have rendered it much more difficult lo approximate the range of 8.0 to 
8.3 pH in the hot limed juice indicated hy exiierimental work as the optimum 
clarification reaction. Two-thirds of the factories reporting the pH of the hot 
limed juice, report under 8 pH. There is little question but that the average 
clarification reaction is below the optimum range and that benefits would accrue if 
the amomit of lime could be increased. Low clarification pH is due principally Lo 
the practical necessity of keeping the volume of settlings within tlie capacity of 
available filtration equipment. Handling the settlings satisfactorily is the outstand- 
ing problem of our present I^oiling house practice. 

Notwithstanding the smaller increase in purity during clarification, the differ- 
ence between first expressed juice and syrup purity has decreased from 1.58 to 
1.46, due to the smaller drop between first expressed and mixed juice purities 
mentioned in a preceding paragraph. The difference this year is smaller than in 
recent years except 1923 and 1927, when considerably better increases in purity 
during clarification were secured. 
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Pilfer Presses: Tlie loss in press cake per cent pol. in cane (Table 3) lias been 
reduced from .55 to .52. The improvement is due to a reduction of .07 in pol., tlie 
weight of press cake remaining the same. The figure in the large table for loss in 
press cake for all factories is the same as last year. This is because the loss in 
Kopke mud at H. C. & S. Co., which did not appear as a loss in press cake last 
year, has offset reductions in filter press loss at other factories. 

Evaporation: Evaporator capacity lias been increased at four factories: Maui 
Agr., Lihue, Kekalia, and Waiakea. All of these factories report increases in syrup 
density. The average is 63.65 Brix ; an increase of .61 over last year. The cal- 
culated amount of water evaporated per hour has increased 4.2 per cent. 

Commercial Sugar' The pol. of the commercial sugar has increased .13, bring- 
ing the average to 97.64, a higher figure than in any previous season. This is the 
tenth succe.ssive season in which increases in sugar pol. have been recorded. The 
increase in the average is due to increases at factories shipping sugar to Crockett. 
Higher pol. has been quite general in this group, 19 of the 28 factories reporting 
increases. The average pol. at factories shipping to the Western refinery has de- 
creased .03. altliough seven of these factories report increases against 3 reporting 
decreases. The average pol. for factories shipping to Crockett is 97.75, against an 
average of 96.88 for factories shipping to the Western refinery. 

Data for deterioration factor and low grade sugar purity, are presented in 
Table 9. Pol. and moisture in commercial sugar are also included, together with 
marks indicating to which refinery the sugar is shipped. Moisture in commercial 
sugar ha.s been reduced from ,62 to .58. The reduction in moisture lias been in 
slightly greater proportion than the increase in pol., ivith the result that the de- 
terioration factor has Iwen reduced from .249 to .246. These averages for both 
moi.sture and deterioration factor are the lowest on record. 

While tlie average deterioration factor has been decrea'sing in recent years there 
is still room for improvement. A deterioration factor of .25 is considered Uie 
dividing line between a safe and unsafe moi.sture content, for experimental work 
has demonstrated that deterioration is possible above .25. The average deteriora- 
tion factor, however, is alx)ve .25 at 13 of the 36 factories reporting this figure, and 
just .25 at 7 more of these factories. 

Final Molasses: The average for final molasses purity has been reduced lo 
37,02. This is an improvement of .30 over tlie previous record, made in 1925. 
Twenty-three factories have reported decreases in molasses purity, against 15 re- 
porting increases. The lowest average for an individual factory, 32.53, is reported 
from Kalmku. This, however, does not equal the record, 31.81, established by 
this factory in 1927. The los.s of sucrose in niola.sses per cent pol. in cane has been 
reduced from 7.71 lo 7.40. 
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TABLE NO. 9 
SUGAB DATA 


Factory 

1 

Commercial Sugar | 

Low Grad 

Pol 

Moisture 

Doteiioration 

Factor 

Sugar 

Puiity 

11. C. & S. Co 

07.77 

0.53 

0.24 

73.3 

Oflliu 

0S.2H 

0.42 

0.24 

79.13 

Ewa 

97.02 

0..')0 

0.24 

79.68 

Wainluji 

97.90 

0.53 

0.26 

74.85 

^nui Agr 

07.52 

0.62 

0.25 

71.74 

Pioneer . 

98.08 

0.42 

0.22 

76.49 

Olan 

97.55 

o.ao 

0.24 

77.0 

Llhuo 

97.82 

0.60 

0.25 

75.2 

Haw. Sng 

97.95 

0.54 

0.26 

84.38 

llonolulut 

— 

... 

... 

80.1 

Onomea 

97.42 

0.68 

0.26 

79.98 

Kekalm 

97.65 

0.59 

0.25 

74.71 

Hilo 

96.90 

0.78 

0.20 

78.17 

llnw. Agi 

98.02 

0.45 

0.23 

79.69 

AVnlluktt 

97.40 

0.60 

0.24 

73.0 

Makee 

97.10 

0.74 

0.20 

73.33 

Honokaa 

97.49 

0.02 

0.25 

, 66.0 

llaknlau* 

96.57 

0.83 

0.24 

73.1 

McBryde 

1)7.61 

0.02 

0.20 

78.7 

IjiLupiihoohue 

97.94 

0.53 

0.20 

1 77.04 

Xahuku 

97.91 

0.50 

0.24 

80.35 

ilaiuukua 

97.75 

0.50 

0.22 

74.34 

Pcpcekeo 

97.50 

0.49 

1 0.20 

75.61 

Piiaulinn^ 

06.70 

0.77 

0.24 

80.30 

Koloa 1 

98.00 

0.40 

0.25 

76.3 

1 

Waiakea 

90.93 

0.85 

0.28 

77.0 

Ilawi 

97.40 

0.61 

0.24 

75.19 

Hutchinson* 

97.13 

0,60 

0.21 

72.37 

Honomu 

98.02 

0.45 

0.23 

79.08 

Kaiwiki 

90.89 

0.78 

0.25 

86.48 

1 

■Waimanalo* 

96.61 

0.70 

0.20 

71.74 

Rob ala 

97.24 

1 0.71 

0.26 

77.90 

Kilauea* 

97.23 

0.81 

0.29 

72.8 

Waianoe* 

97.08 

0,70 

0.26 

79.82 

Kaeleku* 

97.31 

... 


78.50 

1 

ITnion Mill 

96.85 

0.99 

0.31 

1 81.50 

NiuHi* 

96.64 

1.5 

0.45 

78.2 

Wnlmoa 

06.81 

. . . 


80.3 

Olowalu* 

96.37 ! 

0.90 

0.85 

78.03 

True Average 

97.84 1 

0.58 

0.816 1 

76.60 


* Sugar shipped to Western Refinery. Other fnetories except Ilonolulu ship to Crockett, 
t Refined sogar. 




237 


Factories are grouped according to molasses purity in the following table: 
GRAVITY PURITY PINAL MOLASSES 


32—33 

33^4 

3^5 

35*— 30 

36—37 

Kaliuku 

Hamakua 

Honomn 

Laupahoehoe 

Hilo 


Koloa 

Pcpeekeo 

Ewa 

McBryde 

Hokalnu 

Pioneer 

Haw. Bug. 

Onomea 

Hutchinson 

Waianae 
Makee 
Maui Agr. 
H. C. & S, 
Lihue 
Waimanalo 

00 

I 

CO 

38—39 


39—40 

Over 40 

Kekalia 

Kilauea 


Oahu 

Olaa 

Honolulu 

Hawi 


Paanhan 

Kaeleku 

Honokna 

Wniulua 

Olowalu 


Waiakea 

Wailuku 

Haw. Agr. 
Hohaln 

Niulii 
Kaiwiki 
Union Mill 


This classification brings out the advantage of crystallization in motion over 
the older low grade practice. None of the factories where low grade massecuite 
is boiled blank and crystallized in storage tanks report under 38 purity. Four of 
the seven factories reporting over 40 purity follow this practice. 

Crystallizers have been installed at one factory, Waiakea, and an improvement 
of 3.20 in final molasses purity has been realized. In the last three years crystal- 
lizers have been installed at four other factories, Laupahoehoe, Hamakua, Hutchin- 
son and Waianae, and in each instance material benefits have accrued. At each of 
these factories, molasses purities averaged 40 or above in seasons immediately pre- 
ceding the installation of crystallizers. Improvements in molasses purity since 
these installations are the equivalent of from 1 to 3 per cent in recovery. The 
superiority, from a practical standpoint, of boiling to grain and crystallization in 
motion, over blank boiling and crystallization in storage tanks has been demon- 
strated conclusively by operating data in recent years. There is little question as to 
the advisability of making die change at factories still following the older practice. 

Undetermined Loss: The undetermined loss has decreased from .32 to .24, the 
latter figure being the lowest on record. These figures on a pol. basis, however, 
are lower than the actual undetermined loss. As pointed out under “Chemical 
Control/* the probable correction is .88, making the 1929 average 1.12 instead of 
.24 per cent. 


Recovery 

The recovery has again increased, the improvement being due in part to higher 
purity juices and in part to better factory work. 

The boiling house recovery has increased from 91.24 to 91,65. This is the 
highest figure since 1909, at which time higher purities rendered it possible to 
attain high boiling house recoveries with far less efficient factory work. 

The total recovery has increased .47, bringii^ it to 89,23, the highest figure on 
record. Higher pol. in commercial sugar corresponds to a decrease of .05 in re- 
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covery, so, in inakinj* a ccjmi)aris()n with last year, we may consider that the im- 
provement is .52 rather than .47. 

Assuming that the improvement in first expressed juice purity reflects the im- 
provement in the purity of the cane juice as a whole, approximately one-half of ihe 
increase in recovery may be attributed to higher purity raw material. The remain- 
ing half may be divided approximately as follows : a third to better low grade work, 
a third to better extraction and lower undetermined losses, and a third to a smaller 
drop in purity from first expressed to mixed juice. 

Comparison of quality ratio data with tons cane ]ier ton of sugar also divide ihe 
improvement Ijetween better cane and better factory work. It will be noted, how- 
ever, that this comparison is not on the same basis as the above, figures referring to 
yield per cent cane instead of yield per cent pol. in cane. Quality ratio figures indi- 
cate that an increase of .29 in yield of sugar per cent cane should be secured while 
.38 was realized. If we correct the former figure for the increase in filler and ihe 
latter for the increase in sugar pol., these figures become .27 indicated increase and 
.39 ol)tained. 


Comparison of Actual and Calculated Recotories 

Comparisons in Table 10 are identical with those in the two previous Synopses. 
Recoveries are compared first with the recovery of a hypothetical factory liaving 
no losse.s other tlian in final molasses reduced to 37.5 gravity purity, and second, 
with recovery indicated by “sugar ratio.” Factories are li.sted in the table in the 
order indicated hy the first of these comiiarisons. The order .shown by the second 
is indicated by figures in next to the la.st column. No attempt has been made to 
indicate inocciu'acies in control data, which .seriously influence the comparative 
standing determined in this way, though this has been done in previous years. 
While careful examination will u.sually give a fair idea of the probable accuracy of 
control data, it is hardly practicable to decide which data should be designated as 
inaccurate except on the basis of definite standards. Such standards must he arbi- 
trarily cliosen and it is extremely difficult to formulate a set of standards which will 
lie equitable in all cases. It has seemed preferable at this time to present the 
results of these comparisons at their face value, without attempting to indicate in- 
stances where figures for relative standing have lieen influenced by unreasonably 
large errors in chemical control. In connection with examining control data for 
such errors we would note that percentage figures in columns 2 and 3 refer to 
standards which can be exceeded in practice, and tlierefore figures ©f over 100 
per cent are not necessarily inconsistent. It is also possible to exceed the ‘‘sugar 
ratio” standards. 

Examination of data in Table 10 will disclose considerable differences in tlie 
relative standing indicated by these two methods. Some of the larger diflferences 
are because purities used in the “sugar ratio” calculations do not coincide closely 
with actual syrup purities. To a considerable extent, however, these differences in 
relative standing are due to a defidenc}' inherent in calculations of this kind. Rela- 
tive results vary according to the standard chosen for final molasses purity. In 
one case 37-S, and in the other 33,3 has been used. These comparisons have been 
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TABLE NO. 10 

COMPARISON OP ACTUAL AND THEORETICAL RECOrBRIBS 


Recovery % Cnlculntcd Rocovriy 

1 

Eoeovory % Recov- 
ery Indicated l>y 
** Sugar Ratio*' t 

Rank 

Paetory 

Milling 

Boiling 

llonso 

Over 

All 

Rank 

Over 

1 All 

1 

Kabuku 

97.72 

105.13 

103.04 

1 

1 

102.78 

2 

Hakalan 

98.57 


100.78 

3 

100.37 

3 

Waimanulo 

»8.38 

101.39 

100.23 

11 

D9.38 

4 

Ilonomu 


101.71 

100.19 

7 

100.02 

5 

Koloa 

96.98 

102.87 

100.18 

10 

99.41 

6 

Maui A|pr 

97.83 

101.77 

99.03 

3 

100.30 

7 

Haw. Sug. 

98.00 


99.7S 

4 

100.28 

8 

Onomoa 

98.10 

101.03 

09.46 

5 

100.07 

0 

Ewa 

98.2» 

100.84 

99.40 

12 

99.36 


Oalm 

98.04 

101.05 

00.36 


00.8.7 

11 

Hamakua 

96.24 

102.62 

99.20 


98.19 

12 

H. C. & S. Co 

97.99 


99.14 


100.06 

13 

Lihac 

97.79 

100.89 

09.05 

15 

98.68 

14 

Pepcokoo 

»7.72 


08.02 

9 

99.53 

1.) 

nutchinson 


101,47 

98.89 

14 

98.85 

Ifi 

Pioneer 

97.62 

100.87 

98.78 

13 

99.04 

17 

MeBrydo 


101.92 

98.56 

19 

97,00 

18 

Keknlm 

97,86 

09.09 

08.20 

17 

08.37 

19 

Hilo 


99.37 

97.71 

16 

98.38 


Wniluku 

»8.14 

99.10 

97.52 

22 

97.11 

21 

Hawi 


09.43 

97.05 

26 

96.32 


1 Pannhnu 


99.14 

96.89 

25 

96.51 

23 

Makcc 


100.34 


31 

94.55 

24 

1 Laupubochoo 

97.07 

90.21 

96.57 

23 

96.76 

2j 

Kohala 

97.15 

98.97 

96.42 

20 

97.40 

2fi 

Honolulu 

90.91 

08.87 

96.11 

21 

97.18 

27 

Waialua 

96.66 

98.91 

96.02 

24 

96.62 

28 

Haw. Agi* 

97.23 

98.30 

95.79 

27 

96.14 

29 

Waianiic 

97.00 

98.42 

03.76 

28 

95.44 

30 

Hoiiokna 

ilo.OS 

00.08 

93.18 

30 

94.65 

31 

Waiakea 

96.03 

98.15 

94.67 

33 

93.96 

32 

Kniwiki 

95.74 

98.14 

94.34 

29 

94.69 

33 

Olowalu 

97.82 

96.01 

94.31 

34 

02.94 

34 

Olan 

96.56 

96.77 

93.79 

3S 

‘ 94.37 

85 

Kilauea 

93.70 

96.84 

93.45 

36 

01.42 

36 

Kaeleka 

94.98 

96.90 

92.45 

35 

91.89 

37 

Niulii 

93.15 

08.51 

92.41 

38 

90.63 

38 

Union Mill 

92.12 

97,79 

90.56 

37 

90.92 

30 

Waimea 

97.39 

02.28 

90.12 

39 

90.30 


* Faotories are arranfred In the order of the ratio of their recovery to that calenlated on the haale 
of 100 % extraction, 37,5 gravity purity mola^aee ond no other Iomo^ 

t haala of this calculation ib 98.02 extraction, s>Tup purity one lesb than the apparent purity 
of the first expressed juice, gravity purity of molasseb 33.33 and no other losses. 
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continued in the Synopsis pending the development of a better method for compar- 
ing factory work, for, notwithstanding the deficiency noted above, which renders 
such calculations unsuitable for close comparisons, these calculations do give a fair 
general idea of relative results secured at different factories except in cases where 
there is evidence of unreasonably large discrepancies in control data. 

The summary of losses is given in the usual form in Table 11. 

Calculations in this Synopsis have been made by A. Brodie with the assistance 
of others in this department. 





POtlXDH POL PER TON OP CANE | POL PER 100 C.VNE POL PER 100 POL OP OANE 
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Sugar Prices 


96° Centrifugals for the Period 
December 16. 1929 to March 15, 1930 



Bate 

Per Pound 

Per Ton 

Hemarks 

l)t p. 

16, 1920. 

.. 3.8fi5(‘ 

$77.30 

Pol to Hicos, 3.86; 3.S7. 

tt 

17 

.... 3. SO 

76.00 

Cnbas. 

1 1 

19 

... S.77 

75.40 

Cnbas. 

il 

26 

.... 3.74 

74.80 

Onbas. 

it 

27 


75.40 

Cubaf*. 

i * 

30 


75.55 

Porto Bieos, 3,875; Philippines, 3.77. 

it 

31 

.... 3.8(J 

70. (»0 

Porto Bicos, 

.lun. 

2. 193(1. . 

. . 3.S22 

76.45 

Pliilippinea, 3.815; Cubaa, 3.83. 

1 1 

3 


76.60 

Chibaa. 

it 

4 

. . . 3.80 

76.00 

rubas- 

1 1 

6 

. .. 3.8]5 

76.30 

Pliilipinnci*, 3.8U; C’nlmH, 3.S0, 3.S3; Porto Bieo*-, 
3.80. 

t e 

7 

.... 3.83 

76.60 

Culias. 

i i 

S 

.... 3.80 

76.00 

Porto Bicos. 

1 1 

10 

.... 3.790 

75.93 

Cnbas, 3.77, 3.83; Porto Bicos, 3.80, 3.7S3. 

1 1 

13 

.... 3.77 

73.40 

dhibaa. 

a 

16 

.... 3,815 

76,30 

Porto Bicos, 3.80; Tubas, 3,83. 

C( 

17 

.... 3.69 

73.80 

Cnbas, 3.71, 3.67. 

( r 

18 

.... 3.6o3 

73.10 

Philippines. 3.64; Porto Bicos, 3.67. 

(C 

20 

.... 3.64 

72.80 

Chibas. 

tt 

21 

.... 3.01 

72.20 

Tubas, Philippines. 

«i 

32 

.... a-Stt.! 

71.90 

Porto Bieoa, 3.68; Philippines, 3.61. 

tt 

21 

. . . 3.58 

71.60 

Philippines, 

it 

28 

.... 3.01 

72.20 

Philippines. 

tt 

29 

.... 3.77 

75.40 

(*nbas. 

it 

30 

.... 3.710 

74.33 

Porto Bicos, 3.67, 3.71; Tubas, 3.77. 

Feh. 

1 

.... 3.71 

74.20 

Philippines. 

it 

3 

.... 3.64 

72.80 

Porto Bicos. 

it 

4 

.... 3.075 

73.30 

Porto Bicos, 3.58 ; Tubas, 3.77. 

It 

5 

8,656 

73.13 

Porto Bicos, 3.58; Philippines, 3.62; Culias, 3.77. 

1 1 

0 

.... 3,64 

72.80 

Porto Bicos. 

1 c 

11 

.... 3.61 

72.20 

Porto Bicos. 

tt 

14 

.... 3 «5«> 

71.00 

Philippines. 

tt 

18 

.... 3.615 

70.30 

Porto Bicos, 3.50; Philippines, 3.531 

( 1 

19 

.... 3,505 

71.30 

Porto Bicos, 3.55, 3.565, 3.58. 

tt 

20. 

.... 3,o5 

71.00 

Philippines, Porto Bicos. 

i t 

25 


71.80 

Porto Bicos, 3.55; Cabas, 3.58. 

tt 

26 

. . .. 8.55 

Tl.OO 

Cubas. 

tt 

27 

.... 3.486 

69.70 

Philippine^ 3.48; Cnbas, 3.49. 

tl 

38 

.... 3.52 

70.40 

Porto Bieos. 

!Mar. 

3 

.... 3.491 

69.83 

Philippines, 3.52, 8.465, 3.49. 

tt 

4 

.... S.49 

00.80 

Porto Bicos. 

it 

3 

.... 3.63 

70.40 

Philippines, 3.49; Porto Ricos, 3.49, 3.35. 

tt 

6 

.... 3.61 

72.20 

Porto Bicos, Philippines. 

tt 

7 

.... 3.625 

72.50 

Cubas, 3.61; Philippines, 3.61, 3.64; Porto Ricos, 
8,61. 

tt 

8 

.... 3.67 

73.40 

Cabas. 

tt 

10 

.... 3.64 

72.80 

Porto Bicos, 3.07; Philippines, 3.04; Cubas, 3.61. 

t* 

11 

3.61 

73.20 

Philippines. 

tt 

12 

, . 3.628 

72,46 

Philippines, 3.64, 8.62; Porto Bicos, 3.61. 

tt 

12 

.... 3.64 

72.80 

Cubas. 

t* 

14-.. 

.... 3.66 

73.20 

Porto Bicos, 8.67; Philippines, 3.65. 

tjt 

15- * • • ^ . 


75.40 

Cabas. 



THE HAWAIIAN 

PLANTERS’ RECORD 

Volume XXXIV. JULY, 1930 Number 3 

A Quarterly paper devoted to the sugar interests of Hawaii and issued by the 
Experiment Station for circulation among the Plantations of the Hawaiian Sugar 
Planters’ Association. 


In This Issue: 

Molasses and Bialoyical Soil .Iclivify: 

A study of the action of niolai>!5es in the soil shows it to be to a great extent 
biological. The sugars contained in the molasses disappear rapidly due to the 
growth of yeasts. In this process a large amount of li\dng micro-organic tissue is 
built up and remains in the soil as such. Nitrate or inorganic nitrogen is changed 
to the organic fonn as protein in the yeast cells. Approximate^' 25 pounds of 
nitrogen is used per ton of molasses aiiplied. 


Forestry in Formosa: 

A few paragraphs and photographs iiertaining to the forestry problem in 
Formosa are presented. Tire article describes the forests, the amount of lumber 
obtained as well as a few species of trees that occur in the forests. The photo- 
graphs give some idea of tfie trees and of the reforestation work tliat is being car- 
ried out by the Government. 


Cane Diseases in Mauritius: 

The salient points regarding cane diseases that ocair in Mauritius are briefly 
stunmarized from the Ammal Report of the Department of Agriculture of the 
Colony of Mauritius for the year 1928. 

Leaf scald disease was recorded for the first time in Mauritius. Other inter- 
esting points are brought out on the following diseases: leaf scald, gummirig 
disease, red rot, pineapple disease, smut, streak disease, root disease complex, 
pokkah boeng, eye sjiot, stem deterioration and the cane-killing weed. 
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Methods ui Plant Phyixwlogy 

\n account is given of methodb in plant ph\ biology, utilizing sugar cane in 
^\ate^ culture 


Forestry on Oahu 

A review is presented of ten years participation in forestiy work on Oahu. 


Pre-Hat rest Sampling of Cane. 

By courtesy of a committee of the Association of Hawaiian Sugar Tech- 
nologists this issue presents a study of the pre-harv’^eat sampling of cane by re- 
fractometer at Ewa Plantation Company, which indicates that the ]jrogress of cane 
ripening can be followed in a general way through pre-harv^est sampling for the 
determination of solids only. 


Modification of the Kjeldahl Method: 

A modification of the standard method for the deteniiination of Kjeldahl 
nitrogen saves much time "without any sacrifice of accuracy. This modification 
consists of the substitution of boric acid for standard sulfuric acid as the absorbent 
of the ammonia. In this article the results of apphdng the new methods to the 
detennination of nitrogen in fertilizers at this Station is discussed. 


Di composition of Carbohydrates in Water-logged Soils: 

A review is presented of a recent paper dealing with the fermentation of sugar 
in w-ater-lc^ed or water-covered soils, the effect on fermentation of additional 
elements, the transitory effect in the soil, the ^^arious steps involved in the decom- 
position and the final products of such anaerobic decomposition of carbohydrates 


Determination of Phosphoric .icid Colorimctrically: 

A large number of determinations of phosphoric acid are made in the laboraton* 
of the chemistry department. The standard method of anal5"sis is slow and some- 
what tedious. A colorimetric method is described which is rapid, accurate, and in 
many respects superior to the older method generally in vogue. 



245 


St f dies on Plant and IPater Relations in Hazoaii. 

That Hawaiian soils possess a more or less precise wilting coefficient, and that 
local ^oils are similar to those found elsew’here in that the residual moisture con- 
tent at the time of wilt depends only upon the soil and not upon the sort of plant 
under ul)seivation, is suggested by the report of a series of experiments included 
in this issue. 

^\"aipio soil in carefully sealed containers was planted to sunflow'-ers and to 
buff beans. The residual soil moisture at the time of waiting was surprisingly 
similar. Although two species are too few to pennit general conclusions they do 
proride some eMdence that local soils are similar to mainland soils in the possession 
of a definite waiting coeffifcient. The percentage of soil-moisture at the time of 
w’ilt was remarkably high. Plants in the soil under observation show^ed real wilt 
at a moisture content greater than that contained in many mainland soils imme- 
diately after irrigation. 

Difficulties w'ere experienced when sugar cane plants -were used as an indi- 
cator of wilt. Cane apparently does not wilt in the sense used in the literature 
of the subject. The leaves consistently regain turgidity after a given exposure to 
a saturated atmosphere, regardless of the soil-moisture content. However, physio- 
logical disturbances may be noted at the moisture content identified as the wilting 
coefficient by other plants. The most evident disturbance is a reduction in the rate 
of transpiration after the \rilting coefficient has been reached. Studies since the 
completion of the original paper appearing in this issue indicate that elongation 
or grow’th is impossible when the soil moisture is below’ this critical constant. 

Thi«i w’ork is being continued and elaborated at Waipio. 


Germination of Sugar Cane Pollen: 

The genniiiation of sugar cane pollen ib dependent upon a nice balance of re- 
troactive physical and chemical factors. Experiments are reixirted whereby an 
attempt is made to standardize a method of germinating sugar cane pollen in zntro 
in haiiging drops of culture media by controlling the concentrations of sugar and 
agar and the pH ^odues of the media, the relative humidity and the temperature of 
the air surrounding the hanging drops, and by addition of enz3mes to the culture 
media. 

Quantitative data are offered to show- that, wrhen a series of culture media 
haring a gradient of viscosities due to increased concentrations of sugar and agar 
w’as used, one particular medium consistently gave the maximimi percentage of 
germination. An optimum relative humiditj’ and temperature were found. WTiile 
there w^as a correlation between temperature and percentage of germination there 
also existed a correlation between percentage of germination and the difference 
between the teniperature of the air when the pollen Avas shed and the temperature 
at which germination occurred. The addition of Taka-diastase to the culture media 
definitely increased the percentage of germination. 
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Methods in Plant Physiology 


By H. L. Lyon IlrcH Brodie 

The invebtigation of certain problems in the physiology of the sugar cane plant 
through the application of precise laboratorj' methods was a new line of work 
allotted to the department of botany and forestr}" at the beginning of the year 1929. 
In the few months that have elapsed since that time, all of our efforts in this partic- 
ular field of research have been directed towards the development of a suitable 
technique, so we have as yet no contributions to the knowledge of the ])hybiology 
of the biigar cane plant to offer. It seems, however, tliat one of our exiDcriments 
being carried on in the open at the Experiment Station has attracted considerable 
attention and the present paper is written to satisfy numerous demands for a de- 
scription of the technique employed. 

We are striving to develop metliods for the study of water consumption by the 
cane plant and the experiment in question represents one of the several methods 
which we are testing out. In this particular experiment, a plant was grown in 
water culture with its root s^’stem confined within a sealed container into which 
new solution was admitted from an outside reservoir to replace that w’ithdra\vn by 
the plant. By a system of automatic weighing and recording, the speed of water 
consumption was indicated on a chart. 

The shape and construction of the container employed and the method of in- 
stalling a cane plant therein is indicated in the diagram reproduced herewith as 
Fig. 1. This container is made in rivo parts: a cylindrical tank 21 inches deep by 
12 inches m diameter with a flange on its rim and a conical cover, also flanged on 
its rim to match the flange on the tank. .V tight seal between the cover and tank is 
secured by interposing a waxed gasket behveen their flanges and bringing these 
tightly together \\4th bolts spaced about 1 inch apart. A tight seal about the stalk 
of cane in the neck of the container is secured by inserting a large rubber stopper, 
“R,'* accurately bored to fit the stalk. This is forced tightly into place and covered, 
first with a layer of wax and then with a poured plug of a cement made of 
litharge and glycerine, which is eventually coaled over on its exposed surface with 
shellac. A socket, “S,” centrally attached to the bottom of the tank ser^’es to hold 
the base of the cane stalk in position in the container. Three tubes, ‘T/’ and 
**0,” through the cover serve as an inlet for solution, an outlet for air and solution 
and an avenue through which thermometers and other iiistniments may be lowered 
into the tank. These tanks are made of 24-gauge gah-anized iron and the tubes are 
of brass. All exposed surfaces on the interior of the tank are coated with paraffine 
when it is about to be used. 

A suitable cane plant for ex].ieriment is secured by selecting an average stalk 
from a stool in the field and causing it to throw out roots at the desired level by 
encasing this portion of the stalk in a jacket filled with sand, moss or sawdust, 
wliich is kept moist by adding water at frequent inten’als. A portion of the inner 
tube of an automobile tire slipped on over the top of the shoot and tied up at it? 
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Fig 1 Biagraxn sliOTVing cunt^mci 
m -vertical ’section Foi dehciiption 
flee tevt 




Pig 2 Cani stalk encased in piece of inner tuln filled with moist 
siwdust to induce giowth of lOots Photo b'v £ L Caum 
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Fig. 4. A cane plant wliich lia« been gro\m for nine months 
with its root system enelosed in a sealed tank, tins tank stand- 
ing in a larger container through which tap water is kept flow- 
ing to regulate the temperature. Photo by Twigg-Smith. 
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lower end in the manner indicated in Fig. 2 makeb a very serviceable jacket. A 
cane stalk being treated in this manner is staked up to keep it from falling over 
tinder the added weight. \Mien a cane stalk so jacketed has developed a goodly 
number of roots, it is cut oflf in an appropriate length and transferred to culture 
solution in a sealed container in the manner already indicated, the jacket and 
absorbent material being first removed. (See Fig. 3.) This method of trans- 
ferring a fully developed cane shoot from a stool in the field to a water or soil 
culture is by no means new. Its emplo 3 inent in sugar cane breeding work has been 
well described and illustrated by Venkatraman and Thomas.* 

While a cane plant is growing in a sealed tank as described above, the solution 
within the tank is held at a reasonably constant temperature by placing the tank 
witliin a larger container through w'hich tap w’ater is kept flowing at all times. By 
tins means, variation in temperature may easily l)e kept within 2 degrees C. in any 
24-hour period. 

We have grown a cane plant in a tank of this sort for a period of 12 months 
and it made a growth quite equal to, if not better than, that displayed by the other 
shoots of the stool from which it was taken. This particular plant is illustrated in 
Fig. 4, the picture being taken when it was about 9 months old. The original shoot 
elongated quite as rapidly as did its sister shoots, which remained in the field, but 
in addition to this elongation, it threw out lalas at an early age which eventually 
developed into sticks of considerable size. At the pioper season, this plant flow’ered 
in the normal manner and later elaborated a tassel in the top of one of its lalas. 
After removal from the .stool in the field, this cane shoot received tap water only 
throughout the entire year in w’hich it w'as growing in tlie tank. No salts whatso- 
ever were added at any time, the plant extracting all of its nutrients from tap water 
w’hich, at the Experiment Station, is from artesian wells. 

The performance of this plant under the conditions to which it was subjected 
excited much interest and comment among observers and opinions were freely 
offered regar<fing the composition of the cane and the quality of its juices. WTien 
it had completed a full year’s growth on tap water in tank culture, it was taken out 
and numerous analyses secured, the more interesting results being recorded in the 
accompanying tables. WTien the sealed container was opened, it was found to be 
packed full of roots which were interlaced into a compact ma.ss that retained the 
shajie of the container after it w'as withdrawn therefrom. The extent and con- 
dition of the root system are well illustrated in Figs. 5 and 6. 

jncES OP CANE GEOWN IN TAP VATBB 

Bi*ix Pohrlzation Puiity Quality Eatio 


ilain stalk 10.66 17.P7 90.86 7.3 

Lalas 19.17 17.46 9L(18 7.49 

Analyses by H. P. Bomonti 


The Aoit'vhitral JuHrnul of India 31:2(13 309, 1936. 
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3. Root sYbtem of i^ane plant shown in 
Pig. 4 when removed from sealed container 
at tnd of twelve months. Pluto E. L. 
CauBL 



Pig. 6. Same anhject as Pig. 5 hnt -VMtli 
onelialf of root system eut away. Photo bj 
E. L. Caum. 
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Fig. 7. Apparatus for the automatic weighing of Tiater withdra\Mi from container 
liy cane plant. For description see text. Photo by E. L. C'aum. 


As previously indicated, the sugar cane plant described and illustrated above 
was employed as a subject in the evolution of a technique for determining' the rate 
of water consumption by a cane plant and we will now describe this technique in 
its present stage of development During periods of observation, water extracted 
from the container by the plant is replaced from a resen^oir through a rubber tube 
connecting with the brass inlet tube “I/’ shown in Fig. 1. The supply reservoir is 
held at a slight elevation above the culture tank so that a flow from the reserv'oir 
into the tank can be maintained by gravity. 

Xow, in preparing to take a reading on the rate of water consumption, tubes 
"A” and “O” are opened and water is allowed to flow into the tank through 



iFig. 8. Weigliing apparatus in«!talled in eabmet m tlie field. At the time the picture 
Ttas taken, one siphon was closed and the balance was blocked to preient mo\ement. 


tube "L” Such air as may be in the tank will be forced out through tube “A'* and 
when water is flowing from “A*' and “O.** lioth of the^e tubes are securely closed 
with stoppers. From that time on, water passing m through “I” will represent 
that consumed by the plant, and the speed of water consumption is the speed of 
outflow from the supply leserv^oir. Our apparatus for measunng the flow of water 
from the reservoir into the tank is demonstrated in the set-up shown m Fig 7, 
Two beakers — and “B'’ — of equal capacity and of approximately equal weight 
are placed upon, a Torsion balance within a rack, as illustrated. Tubes “C” and 
of equal size and supported by the rack, extend down nearly to the bottoms 




!E*igr. 0. Tup bucket scale used in expeiiments uitli cane 
plant shOTVA in Fig. 4 Photo b> F. U. Caum, 





Pig 10. One of the tup bucket scales non in use Photo bj B L 
damn. 
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Pig. 11. Becording instrument witli six eircnits as seen from above and from one side. 
Plioto by E, L. Camu. 


of the beakers. A flat piece of rubber is cemented on the bottom of beaker “B” 
and the tube is adjusted so that its lower end just touches, and is closed by* 
this rubber when the scale is balanced. Tube “C’" is connected to the inlet tube ‘T” 
of the culture tank with rubber, tubing. Tube '‘D’* is ejctended with rubber and 
glass tubing, a$ indicated, so that it may serve as a siphon to withdraw water from 
beaker “B.” To operate, beakers “A**, and are filled vnih water or culture 
solution and siphons are established irpm each through the tubes entering them 





260 



from above. Water withdra\vii from the culture tank by the cane plant will be 
replaced from beaker ‘\V’ through siphuu “C.” This will render beaker “A” 
lighter than beaker “B," hence “A" will rise and “B" will fall. The falling of 
beaker “B” will remove the rublier from the end of tulje ”D” and water will flow 
through this siphon until “B” rises sufficiently to close the o][)ening of tube “D.” 
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Tint's, a^ the cane plant extractb water from beaker “A," an equal amount is auto- 
matical!} discharged from beaker “B 

When we designed this apparatus, ^^e expected that the discharge through 
siphon “D" would be in periodic spurts, but in operation we find that the discharge 
IS remarkably uniform The tubes “C” and aflect the weight of “ V" and “B'* 
eciual to that of the water which the} displace and when beaker “A” rises, more of 
tube “C*’ and less of tube “D** are submerged and consequently these tubes act as 
a dani]>er and temper the swing of the balance, 

A tri])-bucket scale, “E,'* is so placed that it will weigh the water discharged 
from siphon “D." This scale is adjustable so that it can be made to trip at any 
desiied weight bet\\een 0.5 and 6.0 grams. The bucket discharges through a fun- 
nel into a container and the accumulated water is ^^eighed to check the record of 
the scale. Ever}’ time the scale trips, it closes an electric circuit, causing a pencil 
to make a dot on a mo^^ng strip of jiaper. 

In Fig. 7, the essential parts of our weighing apparatus are posed so as to show 
the arrangement of parts, but when in use, this apparatus is enclosed in a tight and 
rigid cabinet which is supported upon concrete jxists, set deqily into the ground 
Such a cabinet may be seen beside the cane plant in Fig. 4. The installation of 
the apparatus w'lthin the cabinet may be seen in Fig. 8. As beakers of equal size 
are used, the loss by evaporation is the same from each beaker, but as the entire 
apparatus is enclosed within a cabinet which is practically air-tight, the atmosphere 
soon becomes saturated, so evaporation does not cause an appreciable error in our 
results. The development of a satisfactory trip-bucket scale has required consid- 
erable experimentation. The one used for obtaining records from the plant shown 
in Fig. 4 is illustrated in Fig. 9. model which we are now using is illustrated 
in Fig. 10. In our earlier models, the electric current was i^assed through the axle, 
Init arcing injured the bearings and we have employed other channels for tlie cir- 
cuit: in the instruments now in use, two platimmi \rires on the underside of the 
bucket dip into two merairy cups and close the circuit. The trip buckets are made 
of thin copper and, after fabrication, are electroplated with silver. 

In the recording instrument employed in our experiments (Fig. 11 ), paper tai^e 
is rolled off from one drum onto another, passing in transit over a small block or 
table. Recording pencils are poised over this table and whenever airrent passes 
through a coil controlling a pencil, this pencil descends, making a dot on the xiaper 
tape. One recording pencil is employed to mark the time on the tape. A simple 
attachment on a clock senses to close a circuit at desired intervals and these inter- 
vals are indicated by dots on the tape. In our experiments, we are using 15-minute 
intervals, Imt any other interval desired may be as easily employed. \ record of 
water consumption by the cane plant shown in Fig. 4 through a period of 12 hours 
is rei)ruduced herewith as Fig. 12. 

( )ne important matter that must lie considered in conducting experiments of the 
nature described above is the proper aeration of the wnler or culture medium about 
the root system of the plant. Continuous records of the w^ater extracted from the 
sealed container by the cane plant shown in Fig. 4 were usually made through 
periods of 24 hours, althot^h a few’ records obtained cover 48-hour periods. Dur- 
ing the inter\^s when records ivere not being taken, a gentle flow of tap water 
was maintained through the container and this p^o^'lded the necessary aeration. 
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Cane Diseeises in Mauritius 


By J. P. Martin 

In the Annual Rej^ort of the Department of Agriculture of the Colony of 
Mauritiub for the year 1928 there appeared several interesting paragraphs pertain- 
inj» to bugar cane diseases. The salient points in these paragraphs may lie briefly 
summarized as follows : 

Le vf Sc \ld 

This disease was recorded for the first time during the jear (1928) but un- 
doubtedly had existed for many years and had been confused with gunimosis or 
gumming disease of sugar cane. Leaf scald is now known to be widespread over 
the island. It attacks chiefly WTiite Tanna and Striped Tanna canes and results 
in losses both in the field and factory'. Experiments have been conducted wherein 
lossc'' of from S to 11 per cent of cane weight occurred and the sucrose content 
reduced as much as 16 per cent. White Tanna is tolerant to the disease and fair 
yields are still being obtained under favorable climatic and cultural conditions. 
The disease aflfects not only the standing cane hut greatly inhibits the germination 
of cuttings and the ratooning qualities. 

The methods of control are the substitution of resistant \^rieties when feasible, 
the disinfection of cuttings (the method of disinfection is not given) and the 
selection of healthy cuttings for commercial propagation. 

Gumming Disease 

Gumming disease is similar to leaf scald in tliat it causes a loss of cane 
weight and sucrose content. It also seriously aflFects the germination of cuttings 
and retards the ratooning qualities of stools. Xo varieties are immune, but some 
oflfer a high degree of resistance to the disease. \Miite Tanna is widely affected 
hut, with this variety, the losses are less than they are in the case of leaf scald 
disease. M. ( Mauritius) 55 and 131 manifest heavy leaf infection from gumming 
hut little stem infection. D. K. 74 and R. P. 8 are highly resistant to lK)th leaf 
'-cald and gumming. Two other local seedlings, M. 2316 and AI. 2716, also exhibit 
a high degree of resistance to gumming disease. 

Leaf scald and gimiming exhibit somewhat similar leaf symptoms during cer- 
tain periods of their development and are at times listed together during plantation 
surveys. Injuries from these two diseases were slightly less in 1928 than in 1927. 
In l)oth diseases leaf infection causes much smaller losses than stem infection. 

Pleasures recommended for the control of gumming are: the selection of 
healthy planting material, the establishment of nurseries with healthy cuttings from 
which a supply of health}' aittings for plantations may be secured, and the replace- 
ment of susceptible varieties by more resistant ones. New seedlings that prove to 
he highly susceptible to gumming are immediately eliminated. 



The results o£ preliminary expermients regarding the control of the two 
diseases ])y the so-called “hot water treatment’' are interesting. In the majority 
*)f cases immersion of cuttings in >vater at 60° C for 15 minutes killed the huds. 
Healthy cuttings of White Tanna and cuttings affected wdth leaf scald and with 
gumming w’ere immersed in w^ater at 50° C for one hour and at 55° C. for one- 
half hour. Similar lots of cuttings were planted without the hot water treatment. 
The experiment is not sufficiently advanced to indicate definite conclusions, but in 
most cases the treatment for one hour at 50° C. stimulated germination. Both 
healthy and leaf-scald-affccted cuttings withstood the treatment at 55 C for 
one-half hour and show'ed a high percentage of germination. The cuttings affected 
with gumming disease and treated at 55° C for one-half hour showed a low’ jier- 
centage of germination. 

Red Rot 

Of the varieties White Tanna, D. K. 74, M 131 and M. 55, the D. K. 74 w’as 
most susceptible to red rot disease. \Miite Tanna was highly resistant to red 
rot. A serious outbreak of red rot occurred on R. P. 6 on one estate. In certain 
localities the disease w’as severe but in general the losses in 1928 were less than 
in 1927. 

Pineapple Disease 

Losses from pineapple disease are manifested through the failure of cuttings 
to germinate or in the stunting of young shoots, especially in regions w'here dry 
w'eather generally prevails. 

Smut 


“Caused by Usiilago scitamincac^ is still ahnost confined to the drier regions of 
the island.'* 


Streak Disease 


Streak disease is confined to R. P. 8 and w’as rarely encountered during the 
year. Losses from this disease W’ere negligible. 


Root Disease Complex 

Instances of the root disease complex, the exact cause of w^hich is still obscure, 
W’ere reported from widely separated areas. A disease w’hich produces a wilt 
and causes mature canes to die rapidly is at present included under the heading of 
root disease complex and seems to lie parasitic in its origin. 

PoKKAH Boeng 

The condition recognized as pokkah boeng in Java and in other cane-growing 
countries was recorded during the year. The condition seems to be associated in 
some rare cases with a heart or top rot. Losses from the disease were small. 
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E\e Spot 

Heavy attacks nf eve spot on leaves of Wiite Tanna were encountered on a 
feu estates during the wet sea'-on of \pril. No losses from eye spot disease were 
reported. 

Stem Deterioratiov 

This trouble is widespread, especial!} on White Tanna and Striped Tanna 
canes. It is manifested “by a dr}’, white, pithy deterioration in the center of the 
stem w hich later tunis red to reddish-brown with yellow patches on either side of 
the affected stem. Later the center of the stem becomes hollow. The condition 
IS not regarded at present as l)eing parasitic in its origin. Bacteria have been 
isolated from affected tissues, but they were not proved to lie parasitic." Further 
investiga'icms are being conducted on this trouble. 

The Cvxe-Killiag Weed 

A rather severe attack of Striga hirsuta, which is a flowering parasitic plant 
affecting sugar cane roots, was observed on one estate. 

Cane affected with this parasitic weed is stunted and the whole plant has a 
withered appearance. The parasite may l)e found growdiig near the base of the 
affected stool. 
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Forestry on Oahu 


B\ Glokge a. McEi DOW \lv 

Thib Unit was organized in 1919 under the supervibion of the de|)artnient ur 
botany and forestry, to cooperate with the officers of the Board of \griculture and 
Forestiw' in promoting forestry work on the island of Oahu. The results sought 
through the work to be undertaken by this Unit w’ere to protect and increase the 
forest cover on the watersheds of Oahu so as to conserve the W’ater falling thereon 
and cluert it into useful cliannels. 

Recox x aissax ce 

The first w'ork undertaken by this I"nit was to gather all available information 
concerning the lands on this island, their boundaries, ownerships, topograjiby ami 
appropriate classification as forest lands, agricultural lands, grazing lands and 
waste lands. Much time w'as spent in consulting authorities, maps and land records, 
and all data obtained were checked in the field. A series of indexed maps was next 
prepared, setting forth this data in graphic form. These maps have proved in- 
’I'aluable to us in every phase of our later w’ork. This is particularly true of the 
maps showing (1) boundaries, ownerships and leaseholds; (2) classification of 
lands according to their most appropriate uses; and {3) the nature of the cover 
on forested lands and the extent of lands that should be reforested. 

Forest Reserves Incre.\sed 

When Unit No. 2 w’as organized in 1919, 67,333 acres of land on Oahu had 
been designated as “Forest Reser\"es” (areas shown in the light shading on ilap 1 ), 
It w'as at once apparent that these reser\’es did not include some of the most impor- 
tant watershed areas on this island and our investigations showed that a very con- 
.siderable part of these watershed areas not in rc'ierres w’ere being de\’astated by 
grazing animals ; in fact, they were being heanly stocked as ranch lands and, being 
pri\"ately owmed, were not subject to governmental control. 

It W’as obvious that forestiy' work on Oahu w’ould he more or less futile until 
additional large areas of watershed were set aside and protected as forest reserv-es. 
Wt presented these facts as clearly as possible and soon public sentiment was 
aroused to the extent that means w’ere found for acquiring control of the land and 
putting it into forest reserves under the jurisdiction of the Board of Agriailture 
and Forestr}’. 

Since the organization of Unit No. 2, 52,844 acres of land on Oahu have lieen 
added to the forest reserves (areas showm in dark shafting on Map 1), making a 
total of 120,177 acres, or 31 per cent of the entire island. This, we believe, is 
prett}- close to the maximum amoimt of land that can reasonably be set aside and 
administered as forest reserves on this island. 

In the reorganization of the forest reseix-es of Oaliu, it was necessar}’ to run 




boundaries in the field* not only around the new areas, but around all the old 
reserves, as many of the lines established in the earlier proclamations were not 
judiciously placed or were inadequately marked in the field. The running of these 
new boundaiy lines was done under the personal supervision of C. S. Judd. We 
accompanied him in the field and assisted in the marking of all courses. Our maps, 
previously prepared, proved of inestimable \'alue in carrying out this work. 

As soon as forest reserve boundaries were marked in the field and properly 
surveyed, the officers of the Board of Agriculture and Forestr}- undertook the 
construction of new fences and the rehabilitation of old fences along all boundary 
lines which were exposed to grazing animals. Some of these lines extended across 
very rugged country and presented serious obstacles for the fencers to overcome. 


Total ftioa in Foii^sl Uesprvf^ in 
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Great credit ib due the Board of Agriculture and Forestry for the speed with which 
they completed very substantial fences of durable materials along all boundary 
lines where fences were required. Following the completion of the fences, the 
removal of roving stock was undertaken and we believe tliat, at this time, very few 
horses and cattle are to be found roaming within the forest reser\"es on this island. 

Forest Pf-vxtings 

At no time since its inception has this Unit been in position to make a record in 
tree planting. In fact, during the early years of its existence, we were instructed to 
go slow with planting operations and concentrate our energies upon reconnaissance^ 
mapping and the collecting of data showing the necessiU' of placing such areas as 




270 


Honouliuli and Kahukii watersheds in forest reser\'es. Despite this handicap, 
I'^nit No. 2 has been responsible for the planting of 786,320 trees on Oahu since 
1Q21. Some 503,000 of these trees have been planted in forest reserves or on 
watershed lands directly adjacent thereto. Plantations have planted about 157,000 
trees on barren or waste lands outside the reserves for forest cover or commercial 
timber. Approximately 124,000 trees have been supplied for camj), park and road- 
side plantings. 

The United States Army at Schofield Barracks has shown great interest in 
reforestation and has done some excellent work along this line, making Ytry ex- 
tensive plantings. 

Most of the tree planting within forest reserves done by the Unit has been in 
the nature of experiments to detennine suitable trees for employment under the 
conditions, and at the elevations, presented by the denuded areas within our foerst 
reserves. Ten years ago, eucahptus and silver oak were about the only exotic 
trees known which could be grown to ad\^ntage within our forest reserves. 

Forest Unit No. 2 made its first experimental planting in May, 1921. The 
area planted is located on the slopes of Kaukonaliua Gulch above Wahiawa. All 
the varieties of trees tlien available in the Honolulu Nursery were planted in this 
experiment. The majority of these failed to make satisfactory' growth under the 
conditions offered, but this experiment demonstrated that the paper-bark tree, 
Melaleuca Iciicadcndrou; the Fomiosan koa, cicada coufusa: and the Norfolk 
Island Pine, Araucaria e.ncfsa, were admirably suited for planting within the 
forest reserves on Oahu. This experiment served to bring these trees to light for 
the first time and demonstrate their superior qualities. The conclusions reached 
from this experiment have l>een verified by later plantings and these three trees 
are Ixiund to become important components of the future forests of this island. 

The production of groves of fig trees at intervals within our forest reserves 
lias been a definite part of our plan throughout all our forest plantings. We have 
obtained good stands of Ficus macrophylla. Ficus rubigiuosa. Ficus glomcrata and 
Ficus nota. We have shown photographs of some of these in our former reports, 
but the trees have now grown so large and mingled to such an extent wdth the 
native vegetation that it would be difficult to show them in photographs unless we 
made extensive clearings. 

The wasps associated with the two species of figs first named above are now 
found on all parts of the island where these trees occur. These tiny wasps liave 
made their way'’, unaided, all the way to Laie from Honolulu and always appear 
to be on hand at the first fruiting of a new tree. Results attained through the 
scattering of the seed of these trees by^ birds which have eaten the fruit should be 
noted within the next few years. 

Planting Seeds 

We liave obtained very' good results from planting seeds directly in the ground. 
We have employed the seeds of many different sjiecies of trees in experiments of 
this sort and believe that in the case of some species, we obtain better results from 
seed-spotting in the field than we do from setting out seedlings which vrere grown 
in the nurseiy. This is particularly true of trees that produce a tap root. 
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We have albo obtained good results from Pints seed thrown by hand onto 
‘-tumps and logs along the trails wnthin the forest. The favoiable results obtained 
from seed spotting and broadcasting has led to the sowing of seeds from airi^lanes. 
The employment of this method of seed distribution has Iseen made possible through 
the cooj^eration of the United States Army. On numerous occasions, they have 
suijplied the airplane to distribute seeds over areas of our forest reserves which 
w’e have designated. In recent months, the Air Service, U. S. Aran, at ^^’^leele^ 
Field, has made eleven trips into the air wdth its large Fokker plane m order to 
scatter quantities of tree seed for us. 

W'e are often asked if any trees have grow'ii as the result of this airplane sow- 
ing. W'e ha\e always answ’ered this question cautiously. We liave numerous trees 
now’ grow’ing from seed which ^vas scattered by hand along forest trails. When 
w’e find a tree growing in the vicinit}’ of a forest trail, we cannot be sure w’hether 
it is from seed sow’ii from an airplane or from the trail by hand. It would be a 
diffiailt matter to locate one of these trees from a trail and a good deal of our 
airplane sowHlng has been done over areas not easily reached from a trail. One 
should consider that an airplane flying 800 feet or more above the ground, travel- 
ing 100 miles an hour, w’ith its propellers w'hirling, must scatter the seed far and 
w’ide. It would be difficult to locate the seeds that sprout in a rough, partly w’ooded 
coimtr}’ unless one happened to stumble directly upon them. If, at the same time 
W’e made our first sowings from an aiqflane, fig seeds had been planted in the open 
and given the best of care, the resulting trees w’ould not now be over 10 feet tall. 
-V tree of that size could not be easily s])otted at any considerable distance in our 
forests. We do not expect everj’ seed w’e scatter to grow'. Nature does not achieve 
that, so the trees resulting from our aiq^lane sowings w’ould probably be few' and 
far betw’een in any given area. They should suffice, how’ever, to infect the localit}' 
W’ith the tree in question and produce a focus from w'hich it w'ould later spread. 

In recent months, w'e have found a fine specimen of funs matrophylla growing 
on an old koa stump in a deq) gulch, far aw'ay from any forest trail, but in an 
area covered by our first sowing from an airplane. There can be little doubt but 
that this tree is a result of airplane seeding. 

Arboretums 

The Unit maintains tw’o charted arboretums, one of 15 acres in the old tow’n- 
site park at Wahiaw’a, w’hich is now' a forest reserv'e; and the other at Poamoho, 
which is also in the Wahiaw'a district. This latter arboretum is at 1,400 feet eleva- 
tion and now' includes about 20 acres, but can be extended at will, as it is inside 
the forest reserve. In this arborettun, we test out all trees available for forest 
planting under actual forest conditions. If they make favoraJfle grow'th here, w'e 
I)lant tliem elsew’here w’ithiii the reserves, but if they do not grow, w'e take them 
out and plant other trees in their stead. At this arboretum, w'e now have thirty 
varieties of our latest introductions mider observation. 

Wvniuvv Nursery 

Unit No. 2 organized a forest tree nursery some six years ago at Wahiaw'a, 
This nursery now' covers 5 acres of land in the old townsite park, adjacent to our 
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\^"ahla\va Arboretum. We Ubc this land, rent free, and the \\’’ahiawa Water Com- 
pany supplies us with uater, gratis The soil is excellent and the situation is ideal 
for our puqx)se The ele^’ation is 1,100 feet and the seedlings of many forest 
trees grow better here than they do in the nurser} at Honolulu. 

In addition to serv’ing as a suitable place for growing tree seedlings, this 
nursery affords storage space in which seedlings grow'ii at the Honolulu Nurser\ 
are held, sorted and distributed to various points on the island for planting Since 
Its Oldening, there has been distributed from this nurseiy^ an average of 800 trees 
a month. One man makes his headquarters at the Wahiawra Nursery but attends 
to planting details at the Poamoho Arboretum and at other points within the forest 
reserve m addition to looking after the nursery stock and the distribution of trees. 

PlA\TI\GS OK PlANT\TTON L\XDS 

We have frequent calls from plantations for assistance in making camp, park 
and roadside idantings. To meet this demand, we grow and supply a large variet\ 
of shade, ornamental, fruit and nut trees, .Mthough this is not strictly forestr}’ 
w’ork, it is, nevertheless, an important function of the Unit and one w’hich w^e arc 
pleased to perfonn to the best of our ability. 

Several plantations have made rather extensive plantings of trees on their w’aste 
lands with the idea that these may be used at some future time for fence i)osts, 
firew’ood, railroad ties, etc. ("Ine plantation now* has a SOO-acre forest of eucah^p- 
tus trees including many of the better-knowni species. These trees were planted out 
only 16 years ago but the plantation is now taking from this grove each 3'ear some 
1,200 cords of firew'ood, 100 cords of ditch posts, 87 cords of fence posts and 8 
cords of car stakes. As yet, they are harvesting only Eucalyptus robnsta and 
Eucalyptus globulus. Some of the better varieties, when full-growm, should yield 
ver\’ valuable timber. One of the public ser\dce corporations in these islands now 
sends to the mainland $25,000 a year for poles alone It has been demonstrated 
that poles, to meet their requirements, can be growm in these islands in from 15 
to 20 j^ears 


Wild Animals in Forest Reserves 

As noted in a prerious paragraph, roaming cattle and horses have been prac- 
tically eliminated from the forest reserves on Oahu through the efforts of the 
Board of Agriculture and Forestiy'. It is now' difficult to find traces of cattle at 
any points wdthin the reserv'es along the southern slopes of the Koolau Range. 
On the w’indward side of the Koolau Range and in some parts of the Waianae 
Mountains, cattle still invade areas that should be protected. W'ild goats are now' 
making their last stand in inaccessible jiarts of the Waianae Range. They are so 
closely and constantly W'alched by hunters tliat they \rill never be able to multiply 
to such an extent as to become a menace to our forests. Wild cattle and goats have 
been brought under satisfactory^ control but the wdld hog had increased to such an 
extent that it is as serious a menace to our forests as either of the other animals 
1ms ever been. They eat see<l and young .seedlings, preventing natural reforesta- 
tion, and they root up, and destroy, ferns and all other tyq^s of undergrow'th. 



The> dig up the soil over large areas and rapid water erosion follows. The damage 
which they are causing is enormous and it is most serious because it is in the very' 
intenor of our forest reserves 

^lam pigs are being killed by hunters, but the operations of the hunters simph 
dri\e the majorin’ of the pigs into the recesses of the forest where the hunters 
will not pursue them. Wild pigs will never be eliminated from Oahu forest re- 
serves by casual hunters who pursue them merely for sport or the meat which they 
bU])])!} Our experiments in trapping pigs have given encouraging results and 
we lielieve this method of procedure offers the greatest promise of bringing about 
their ultimate eradication. The control of wild pigs is one of the most serious 
forestry jiroblems of Oaliu. 


Firebreaks 

The uluhi fern, which extends in an ahnost unbroken blanket throughout the 
length of the Koolau Range in the makai portions of the forest reserv^es, presents 
a fire menace that should receive serious attention. Should a fire get started in thi'^ 
fern during one of our periodic diy' spells, it w'ould he apt to travel far and do great 
damage lief ore it could lie brought under control with conditions as they are at the 
present time. 

We believe that insurance against such a catastrophe should be obtained by 
building firebreaks through this fern blanket from makai, mauka along some of 
the prominent ridges. These firebreaks w^ould prove a satisfactory line of defense 
against any fire that might get started and they would also afford an easily traveled 
avenue along w’hich men could be moved to get at any fire that might get started 
in the interior of a forest reserve. 

The great ^'alue of a firebreak has been demonstrated on several occasions b\ 
the xtxy efficient one w'hich has been built and maintained by the U. S. Anny, at 
our suggestion, on the Waianae Range hack of Schofield Barracks. It lias not 
only stopped fires but has served as a trail along which fire fighters could quickly 
get to any danger point. We believe that the building of seA^eral firebreaks on 
the Koolau Range by Unit No. 2 w’ould be a veiy ^’aluable contribution to the 
cause of forestry on Oahu. 


COXTROL OF ERUSIOX 

There are large areas of land \rithin, or along the margins of, forest reser\’es in 
which we are particularly interested on w’hich serious and rapid erosion is taking 
place. Heavy stocking and temporarj’ cultivation are the factors w’hich started tlie 
erosion in most cases and with the surface of the soil once broken, rain and wdnd 
are rapidly eating it aw’ay, leaving enormous earth scars, which are constantly 
growing in size and ugliness. 

We have undertaken extensive experiments designed to find a means of stojv 
ping erosion and covering the scars wdth vegetation. Some degree of success lias 
been obtained in several ventures, but w’e believe that a coarse grass wdiich wdll act 
as a binder is going to prove the best plant to use as the first stage in this reclama- 
tion w’ork. 



Rmn GvrciES 


111 btuclying the rainfall recorcK of Oahu and the data on which these records 
i\eie based, it liecame e\ndent that authentic readings must be made at additional 
stations before one could arrive at an approximately accurate estimate of the annual 
rainfall of this island. 

Vn inventor}’- of the existing rain gauges was made and it developed that the 
gauges were being read at ninety stations on the watersheds surrounding the Pearl 
Harbor Basin. The locations of the existing stations were plotted on a map and it 
ivas found that at least twelve additional stations must be maintained before we 
would be able to gather the required data. U]) to the ]iresent time, gauges have 
been installed by Unit No. 2 at eleven of these stations and readings are taken at 
regular interi^als. The installation of these gauges and their readings has required 
the building and maintenance of many miles of trail. It takes 12 hours of hard 
tramping to get a reading from one of these gauges. Our gauges are made of 
copper, according to specifications supplied by the Honolulu Sewer and ^Yater 
Commission, and they record up to 26 inches of rainfall. 

Through the cooperation of the Honolulu Plantation Comixiny, W^aiahole 
Water Company, Oahu Sugar Company, W'aialua Agricultural Company and the 
Haw’aiian Pineapple Company, readings of these gauges are made at regular in- 
tends by trained obsen^ers. Records are kept on file at our office in Honolulu 
and are also supplied to the office of the U. S. W^’eather Bureau in Honolulu. 


Future Work of Unit No. 2 

There is considerable ]^uhlic sentiment, which has found expression in several 
ways, that tliis Unit should confine its attention to problems which must be solved 
by experiment and leave the routine planting of trees within the forest reserv^es to 
the Board of Agriculture and Forestn\ This would seem to be an appropriate 
arrangement, as the Board has ample funds to do as much tree planting as ex- 
Iiedieiicy requires. 

We believe, how’ever, that the Unit should continue w^ork along all of the lines 
in which it is now engaged. These may be enumerated as follows: 

1. [Maintaining a forest nursery at Wahiawa for the distribution of trees. 

2. Testing new trees in arhoretums for the detection of desirable species. 

3. Making small experimental plantings at intervals throughout the forest 
reserves in whidi we are most interested. 

4. Conducting experiments in the control of wild pigs. 

5. Conducting experiments in the control of soil erosion. 

6. Securing and recording ra'nfall data. 

7. Cooperating with plaiitations in the planting of commercial timber. 

8. Cooperating wth plantations in making camp, park, roadside and waste- 
land plantings. 

9. Cooperating with the U, S. Army in making plantings on Army lands. 

10. Cooperating with the Air Service of the U. S. \rmy in the planting of 

tree seeds from airplanes. 



If the Board of Agriculture and Forestr} will sanction the coiistruct'on of fire- 
breaks, we believe that the Unit should midertake this work as a new project. To 
build an appropriate firebreak, a trail should first Ije constructed along the crest of 
a ridge The uluhi fern should tlien be cut away for a considerable distance on 
either side of this trail and the cleared space planted up Wxth non-inflainniable trees 
and shrubs. Operations of this sort would supply not only protection against the 
spread of fire, but \vould build lines of exotic plants through our decadent forests 
and these plants would eventually sen^e as sources for the spread of the con- 
stituent species. 



Fieux macrophulla, iWoreton Bay fig- Growing on koa tree- 
stamp from seed Blattered by airplane in 1923. 









276 





277 



^^rWe\^ a Xe\ic(xdend}mii Papei bilk 
htt b itiiB old Phpt 6 in IQil 
pliotogiiplied in W29 



Papoi balk tiee, 1 -vena old From Paper Imk tiee, 2 icaia old Planted 

need spotting on 'R.ibte land 
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Some results from Seed Spotting in 1927. 
Photographs taken in 1929. 



lffup€idendr^^ Paper-bark tree; 
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Fieux nota, Wild fig. 


Terminalia mifriocarpa, ‘'Jhalna,*' 8 
yc&ra old. At Oabn Sugar Companj. 



Trenia oHeniaMs^ “Clmrcoal 4 

years old. 
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Foiest iisex^e planting at Waipio Tolm Ti Estate 



C€UiUiuina equisetifoha, Trunwood Planted ilong \\atei'na}s to keej) down giiss 
growth Sahnlm Plantation Compin'i 
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Extensile WTrteLand Planting 
h\ Oahu Sugai Compan'i 
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sV'is+L Und PUutms*'^ 
ll n lulu Plant lilt 11 Coiiii ui\ 

Plintt I m 3^1*7 Pli it )gi q la 3 m 



moluccana 2 ^eiis ol<i 



Acacta arabtea 


4lbi'*^ia moXnccttna 2 ^oars old 
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Buiiunt? T luhi, staghoin tein, in cUainig 
±01 Poamoho irboiitiun 


moluccana 3 learb old From 
s ed spotting 
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Types of Erosion -we are Trying to C3ontvol. 
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Firebreak, 60 feet wide. Built by U. S. Army, Schodetd Barracks, 



Ornamental planting, using Fievs mhiffinosa trimmed to shape. At Bwa 
Plantation Company, 





Cedrela australist 3 Tears old. At 
Waialua Agricnltural Company. 



<3«ta yaars 6ld.' ^Eucalyptus 

jIa Ranch. 
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View from air of waate-land planting. Waialna Agricnltural Company. 
Pliotographed in 1028 by Eleventli Photo Section, IT. R. Army Air Service, 



U. S, Army. Pokher airplaie loading bags of tree seed. 
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Some Observations on the Wilting Coefficient of a 
Selected Waipio Soil 


By H W \D&woRi h" and U. K D\st 


The puq>ose of the investigation repoited in the present paper was thieefold: 

(1) A preliminar}' study of the physical properties of the selected soil and 
the detemimation of its critical soil moisture constants Proposed work on the 
water cost of sugar cane and of sugar under Hawaiian conditions required a more 
complete knowledge of the properties of the selected soil type than was a\ailal)le. 

i2) To deteimine whether the highly colloidal soil under investigation pos- 
<;essed a more or less definite wilting coefficient as defined by Briggs and Shantz(4 ). 

(3) To determine the mathematical relation betw'een this waiting coefficient, 
if one is determined, and other measurable soil moisture constants, such as the 
moisture equivalent and the maximum wrater-holding capacity. 

Briggs and Shantz('4) define the waiting coefficient as the moisture content of 
the soil (expressed as a percentage of the dry w'eight), at the time when the leaves 
of a plant growang in that soil first undergo a permanent reduction in their moisture 
content as a result of deficiency of soil-moisture supply. By permanent reduction 
is meant a condition from which the leaves cannot recover in an approximatety 
saturated atmosphere without the addition of w’ater to the soil. These investigators 
working with more than a score of soils and hundreds of species, report results 
whidi lead them to conclude that the waiting coefficient is a definite soil moisture 
constant. Slight differences m residual moisture which occur when different 
species are used for indicator plants are attributed to a more perfect root dis- 
tribution with one species as compared with another and not to the ability of one 
TOriety to exert a greater attractive force upon the soil moisture tlian another. 

A mathematical analysis of the lesults obtained from these experimentv, in 
comparison wath other commonly used soil moisture constants suggested the fol- 
lowdng equations: 


( 1 ) 

< 2 ) 


Wilting coeffltient: 


Wilting coeffleient = - 


MoUtnio oqnhalent of Biiggs and McLnue(3' 
1.S4 (1 ± 0.007) 

Hygroscopie cneffirient of Hilgaid 


U.68 (1 ± 0 . 012 ) 


Although the second of these formulas has been discredited by Puri(7) and 
others w’ho object to the use of the hygroscopic coefficient as a critical moisture 
constant, the first remains as a useful tool in irrigation research. 

Although Veiheme^er and Hendrickson (10) have verified the findings of 
Briggs and Shantz with respect to the insignificance of botanical differences in 
indicator plants used for the determination of the wilting coefficient, these iii- 


* Associate Piofessor of Iingation Piactice, University of Hawaii, 
t Assistant Agiienlturiat, Experiment Station, H. R. P. A. 
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vestigatDTS report a greater variation in the constant factor in the denominator 
than is indicated by Briggs and Shantz. In fact, a value as high as 2.27 is reported 
for Stockton clay which, according to the U. S. Bureau of Soils, carries about 
60 per cent colloidal clay. There is no known relation between these empirical 
constants and the type of soil used. Apparently there is no method of detennining 
this ratio except by an actual trial with the use of plants. 

Not all investigators will grant that the residual moisture in a soil at the time 
of true wilt depends entirely upon the soil type. Caldwell (5) and Shive and 
Livingston (8) seem to find that the wilting coefficient is dependent upon the in- 
•■ensity of the evaporating power of the environment for the period during which 
permanent wdlting is attained 

* Most research workers in irrigation believe the results of Briggs and Shantz 
to l)e sound in principle at least. 

Since the wdlting coefiicient represents the lower limit of readih available suil- 
iiKjisture its application to irrigation studies is evident. 

Physical Properties of the Soil Used 

As has been indicated the soil used for the observations reported in this paper 
w’as secured from the experimental field of the H. S. P. A. substation at Waipio. 
The site selected was t\T)ical of a rather large area. The soil w’as fairly uniform 
to a depth of diree feet and W’^ell drained. It was doubtlessly allmdal in origin. 

A small area, close to the selected site, was levelled, enclosed in a low' dyke 
anil flooded to a depth of five and one-half inches for the determination of the 
maximum water-holding capacity of the soil. An average of eight samples taken 
twent}"-foiir hours after irrigation indicated a maximum water-holding capacity of 
34.3 per cent. The variations between samples w’as so great, how'ever, tliat the 
probable error in these results is high. 

Tlie moisture equivalents *’ determined from tlie same samples gave a value of 
32.1 ± 0.2. 

The colloidal content and fractional distribution of particles below' arbitrar}' 
size limits w'as detemiined by means of a special hydrometer designed for this pur- 
pose by Bouyoucos(2). Volume w'eight determinations were made in the field 
by the use of viscous fluids as described by Beckett(l). A summarj' of these 
results, together with those already reported, is given in the foliowring table : 

PIIYSICAIi PEOPEHTIES OP WAIPIO SOIL UfcjED IN WILTING COEPPICIENT 

DETERMINATION 


Mavimum water-holdiug cnpneity 34.3 pei eent 

(average of 8 samples) 

Moisture oqnivnlent 82.1 ± 0.2 pei i*eiit 

(10 samples) 

Reiil spceific gravity 2.60 

(5 samples) 


•The authors are indebted to K. B. Tester, of McBryde Sugar Company, Ltd., for 
the determination of the moistuie equivalent, the tolloidnl content and the distiilmtion of 
soil separates as shown. 
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Colloidal content 51.2 per cent 

Taveiage of 10 samples) 

Appioximate per cent of pai tides lielow 
(average of 10 samples) 

.025 n»m 68.0 pei cent 

.010 mm. . . 54.0 pei cent 

.006 mm. . . . 44.0 pei cent 

Volume u eight 1.1 

(aieiage of 6 samples) 

Soil for use in the pots was secured from a shallow trendi close to the flooded 
area. This material was mechanically screened in Honolulu and turned six times 
on a concrete floor to insure thorough mixing. 

The pots used were gallon cans such as are used in canning plants. They 
were coated inside with a mixture of cement and sand and brought to a uniform 
weight of one pound three ounces by means of iron scrap placed in the bottom. 
Each can was filled to contain 6.65 pounds of oven dry soil, the moisture content 
of the mixed soil being determined by samples taken during the filling. 

Thirty-nine cans were used. These were divided into four series. Three buff 
l)ean {Tethouia spcciosa) seedlings were transplanted into each of twelve cans; 
three sunflower seedlings (HcliauiJius amiiiits) were transplanted to each of twelve 
cans in the second series, while each of the twelve cans of the third series was 
planted with a single eye, one joint, seed piece of sugar cane fH 109). Each 
joint weighed two ounces. Each of the remaining cans was planted with one bean, 
one sunflower and one cane eye. 

The cans were carefully sealed to prevent loss of water hy evaporation from 
the exposed soil surface. This was done by fitting a lead-foil disk into the can 
and waxing it to the sides. Small holes were provided for the stems of the seed- 
lings. A general view of the equipment is shown in Fig. 1. 

Since the tare weight of the can was knowTi as well as the dr\' weight of the 
soil, the moisture content of any can could be determined by weighing the system. 
These weighings were made daily (Fig. 2). 

The Determixatiox of Wilt 

As has been noted, true wilt is evident when a plant sho\ving lo.s'i of turgor 
fails to revive when placed in a saturated atmosphere and a low temperature. If 
the plants regain turgidity, Briggs and Shantz assume that apparent \rilt is due 
to a rate of tran.spiration in excess of the rate at which water is available from 
the soil. Such a condition might lie occasioned by enrironmental factors making 
for a high transpiration rate, or a low conducting capacit}- in the plant tissue. Wilt 
of this sort is called temporary or incipient wilt. Such \rilt may occur at any 
moisture content and can only lie distinguished from permanent wilt by subjecting 
the plant to such an environment tliat the transpiration rate is greatly reduced. 
In the present experiment such an environment was provided in a high humidity 
chamlier. This was a small, portable, cloth-walled closet placed in a tent which 
w-as constantly sprayed on the inside hy fine streams of water. Dry and wet bulb 
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Fig J 
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thermometers inside the chamber indicated a fairly constant temperature of 74° F. 
with a relative humidity of from 94 per cent to 96 per cent. 

Plants showing signs of wilt were at once removed from the bench and placed 
ill the high humidity chamber. If, after ten hours, signs of wilt persisted the wilt 
was called true wilt and the residual soil moisture content determined by careful 
weighing and computation. If complete turgidity was restored the plants W’’ere re- 
turned to the bench and the observations continued. 

Recognition of Wilt 

Perhaps the greatest source of error lay in correctly judging true wilt in accord- 
ance with the definition given above. As Briggs and Shantz(4) point out, trans- 
piration continues long after this condition exists if environmental factors create 
a sufficient vapor pressure deficit about the transpiring surfaces. For this reason 
delay in removing a plant at the first sign of incipient wilt may result in error; 
if this is the only error involved the -reported wilting coefficient is less than the 
real i^lue. 



F!g. 3. , Slnitiltaiieoud 6t three species. The 

three species- show chamcteri^ie signs of wilt. 
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The plants used showed signs of wilt in different wajs. The sunflower showed 
a slight curling at the edges of the leaves, the leaves becoming slightly “leather}'’’ to 
the touch. The beans turned slightly darker in color; the leaves clianged from 
concave, as view'ed from above, to convex : the angle between the petiole and stem 
became sharply acute. Cane leaves showed a distinct curling along the axis. Since 
new' leaves unroll upon normal development it is at times difficult to determine 
whether observed curl is due to a maturing of the tissue of a new leaf or due to 
wilt. Fig. 3 show's can No. 113 at the wilting point. Characteristic wilt is observed 
in all species. 

Resl lts 

Beau Series- Soils in this series were allow'ed to reach the wilting coefficient 
iw'ice. This was accomplished by removing the lead-foil seal from each can as 
w'ilt w'as determined and irrigating to maximum w'ater-holding capacit}'. The 
seal was then replaced and the observations continued. The cans w'ere opened at 
the time of the second w'ilt and the residual soil moisture determined by oven 
diy'ing as a check on the methods and observations at the time of filling. Inspec- 
tion of the root distribution at this time indicated an adequate distribution of roots 
inthiii the soil mass. 

The methods described above gave the following mean rallies with the corre- 
sponding probable errors : 


Fiist wilting 23.3 ± 0.149t 

{Second wilting 23.3 ± 0.10% 

Residual moisture by oven drying 23.7 ± 0.10% 



Rig. 4. Can No. 202 open for inspection. 
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SunflcyiL'cr Scries This serieb was allowed to wilt twice except for cans Nos. 
202 and 205, which were opened at the time of the first wilt to determine the 
adequacy of the root spread and the unifonnity of soil moisture depletion. Fig. 4 
shows can No. 202 open for inspection. 

Cans in tliis series w’ere not destroyed for oven diwdng at the time of the second 
wilting, but were irrigated again and allowed to remain on the bench until death 
occurred ; the weighings continued daily. The mean daily weight is plotted against 
time in Fig. 5. The change in rate of loss after the third wilting apparently indi- 
cates a change in the availability of soil moisture at a soil moisture content approxi- 
mately equal to the wilting coefficient as determined by other means. From the 
uniform rate of loss between irrigation and wilting coefficient as is evidenced by 
the straight lines between September 20 and September 27, and between September 
28 and October 2, one may conclude that water is equally available bet^veen these 
limits. In fact, Veihemeyer(9) concludes from similar curves and other e\ddence 
that ‘'there appears to be no reason, either from physical considerations of the 
forces involved between the moisture and the soil particles or from physiological 
requirements of the plant, why optimum moisture conditions for growth should not 
\^ry from the maximum field capacity to about the wilting coefficient.” 

The results of the determination of the wilting coefficient by the use of the 
sunflower series are: 

First wilting 22.8 ± 0.14 

Second Tvilting 23.5 ± 0.10 

Cane Series' Plants in this series showed physiological characteristics never 
before reported by investigators of the wilting coefficient. The logic upon which 
tlie method used with the bean and sunflower series is based assumes that there 
can be no ahsorption of water or water vapor by the leaves of a plant showing 
signs of incipient wilt, when that plant is placed in a saturated atmosphere. It 
is assumed that turgidity is restored by a movement of moisture from the soil, this 
rate of upward movement l^ing great enough to exceed the reduced rate of trans- 
piration in the high htmiidity chaml^r and to restore complete turgidity in the leaf 
tissue within something less than twelve hours. The present work seems to show 
that the wilted cane leaf is peculiar in that it possesses a decided capacity for 
absorption of w^a'^er vapor or liquid water. A wilted cane cut at the ground surface 
and sealed at its cut end with wax regained full turgidity over night when sus- 
pended under a fine spray ; a mature, discarded cane plant with wilting so complete 
tliat burning of the leaf tips had begmi regained turgidity over night under a similar 
spray ; plants in the cane series regained turgidity in the standard humidity house, 
although tlie soil moisture in the cane had dropped to 12.8 per cent because of 
transpiration through flaccid tissue as described under the discussion of the sun- 
flower series. Although grow1:h was liandicapped or stopped entirely during ihis 
period it was impossible to note the time and consequently the residual soil moisture 
at the time normal growth ceased. 

Additional evidence as to the water absorptive capacity of sugar cane leaves 
is furnished by the usual Hawaiian field practice of treating chloroitc plants \rith a 
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^olutlon of iron •sulphate, a& reported by Verret(ll). The cure is local initially. 
Dates and initials painted on chlorotic leaves appear in green upon a yellow back- 
ground Although the physiology involved is not clearly understood the cures may 
involve the admission of the solutions through the leaves. A dry dusting of the 
leave.s of chlorotic plants with pow’dered iron sulphate seems somewdiat less 
effective than solutions, according to observations at the Experiment Station, 
H. S. P. A. Lee and ^IcHargue(6), working w'lth the Pahala blight of cane, 
report little or no effect w’ith dry iron sulphate dust and only a slight response w’ith 
puw'dered manganese salts. It has been suggested that such material is only 
available as it is dissolved m w’ater of condensation. 

1-lecause of this difficulty the usual method for the determination of the wilting 
coefficient wdth cane as an indicator w'as necessarily aliandoned. All cans in die 
cane series w^ere irrigated to maximum field capacih% giving gross w^eights of 10 
pounds 2 oimces. The cans were w^eighed daily at 1 .00 p. m. The results of these 
w’eighing are showm graphically in Fig. 6. The significant change in rate of loss 
at 9 pounds 8.3 ounces mai indicate a change in the availability of moisture 'it 23.4 
per cent, w’hich corresponds to this gross w'eight. The nearness with w'hich this 
figure approximates the results of other more standard methods of determining the 
w'ilting coefficient for this same soil ti-pe adds weight to such an assumption. 
Another factor contributing to this change in rate of transpiration may be curling 
of the leaves wdth loss of turgidity and a consequent protection of the transpiring 
structures. In any event there seems to be a critical soil-moisture content w'ith 
cane, as in other plants, below w'hich plan's function differently than w'hen soil- 
moisture is more almndant. AnJ this critical soil moisture constant for cane is 
numerically close to the waiting coefficient for other plants. Apparently, if die 
tenn “waiting coefficient” is to he applied to soils of interest to sugar cane growlers, 
the term must be redefined or used with resen'ation. 

It must be borne in mind that other factors than unavailable soil moisture 
may have caused the result® showm in Fig. 6. An abrupt change of emnronmental 
factors on October 25, w'hich w'ould reduce the evaporating power of the air and 
conseciuently low'er the transpiration rate would cause a similar break. A record- 
ing thermo-hygrometer in constant operation show’ed no significant change in tem- 
perature or relative humiditi' at this point. In fact, the higher than normal tem- 
perature and low'er humidity on October 27 w’ould suggest a greater loss than 
usual on this day. No means w'ere available for measuring sun intensities during 
this period. 

These facts togetlier with the distinct curling of leaves a few: hours after sun- 
rise after October 26, a slight retardation in rate of growTh after this date and 
the close coincidence of the residual moisture content at this point wdth the standard 
wilting coefficient as determined wfith other crops, indicate that this change of rate 
of loss is of physiological significance.* 

*Woik Bulisequent to that rcixuted in the main body ot the paper indicates that the 
iefc>idnal soil-moistnre content at the time enne ceases g^o^'rth is the moistme content ^rhich 
would result in wilt with other species. 
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Summary 

(1) Fifty-eight observations of the wilting coefficient of Waipio soil using 

Ijeans and sunflow’crs as indicator plants give a mean value of 23.4 0.1. 

(2) There seems to be no significant difference*^ between the results obtained 
with and with sunflowers, or between the results Avith beans by computation 
of the percentage of residual moisture and its actual detennination by oven drung, 
or between successive wiltings with either species. 

(3) Sugar cane leaves seemed to exhibit tlie unusual physiological proi)ert\’ 
of being able to restore lost turgidit} over night, regardless of the moisture con- 
tent in the soil supporting the plant. However, a change in the transpiration rate 
under practically constant environmental factors w^as noted when the soil moisture 
had been depleted to the moisture content identified as the waiting coefficient with 
other plants. This period of the retarded transpiration was characterized by a 
retardation in rate of growth and hy a consistent curling of the leaves. 

(4) The present study of one soil only, indicates that a constant of 1.37 
should be used in the denominator of the Briggs and Shantz equation for the 
empirical determination of the waiting coefficient, thus ( for the selected Waipio 
soil ) : 

Moistui e equivalent 

"Wilting tooffielent= 

1.37 
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The Relation of Moletsses to the Micro-Biological 
Activity in Soil 


By Floyd Heck 

Too often the soil has been considered from tlie purely chemical or niineralogi- 
cal standpoint as an inert mass of primary* and secondaiy' minerals, instead of the 
active living thing that it really is. In a recent paper, Moir (2) has recognized the 
biological phase of soil activity and called attention to the need for its study in 
Haw-aiian soils. Fertile soils are not dead but are very much alive and teeming 
with countless millions of many kinds of organisms. Based on numbers, l>acteria 
will take the lead in the soil population but in quantity of micro-organic material 
present in the soil, the fungi will usually stand first. The amount of micro-organic 
material in the form of yeast cells and actinomycetes will probably be intermediate, 
depending on the kind and amount of energy material present for their growth. 

The activities of soil micro-organisms depend very much upon environmental 
conditions such as temperature, aeration and moisture, but of greatest importance 
is the amotuit and kind of organic material present upon which the organisms may 
draw for their energy supply. Proteinaceous materials are largely decomposed by 
bacteria, while the simpler carbohydrates, such as sugars and starches are used by 
both liacteria and yeasts. The destruction of the more woody tissue, consisting 
largely of cellulose or cellulose-like substances, is accomplished for the most part 
by the soil fungi and particularly certain species of the higher groups. Under 
any set of conditions there is always an equilibrium established between the activi- 
ties of these organisms and their environmental conditions. Favorable tempera- 
ture, aeration and moisture conditions cause more rapid biological activity which 
reduces the energy supply and a new balance is established. Under the favorable 
climatic conditions of Hawaii the available organic energy material lias been 
reduced to a point where the biological activity or the ‘"life factor” of the soil has 
reached a very low stage, lower, in fact, than most of the poorer soils of the inain- 
land when placed under similar conditions. 

This ‘life factor” or biological balance is very important in its relation to the 
plant nutrients and regulates to a large extent their availability to the growing 
plant. This is more especially true of nitrogen than either of the other elements 
liecause micro-organic material contains from 2 to 10 per cent of nitrogen. 
The extent of this relation with phosphorus and potassium is not known, but it is 
no doubt greater than many of us have thought. Although the total nitrogen inay 
be high, in most normal soils with a normal biological balance, there is seldom more 
than a small amount of nitrate or ammonia nitrogen. This condition is nature’s 
wise provision which not only protects the soil from heavy losses of nitrogen as 
nitrate, but also regulates the supply to the growing plant in the amomits best 
suited to its nutritional needs. A plant is much the same as an animal, not only 
requiring a balanced nutrition but also the proper amount at the proper time. In 
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the role of this balancintj factor soil micro-organibiiib periorni one of their greatest 
functions. 

WTien molashCb is placed in the soil the energy balance is disturbed and a ver}- 
rapid biological action takes place because of the added energy material for the soil 
micro-organisms In case of the molasses, this added energy material is sugar 
and other easily decomposed carbonaceous substances. The plate counts of yeasts 
and bacteria for a 10-ton application of molasses is given in Table T. and shows 
a ver} rapid increase in the soil population, 

TABLE 1 

Plate Ootmts of Yeasts and Bacteria In t^oll After the Addition of Molasses at the 

Bate of 10 Tons per Acre 


Arillioiib iiei Criam of feJoil 



houis 

24 houis 

4t* Inmis 

Yeast — coutiul 

22.0 

23.0 

10 3 

10 tons molushcs 

. . S.I.o 

380.0 

145 0 

Bucteria — contiol 

107.O 

183 0 

15L5 

jO tons molasses 

16l».j 

2020.0 

31“ 5.0 


If sucrose and glucose equiralent to that in 10 tons of molasses is adderl to 
the soil a similar increase in the number of organisms takes place, except that in 
this case the increase is not so great. This shows that the non-saccharine car- 
bonaceous substances also assist in the hiolocical acti\nt}’ on the addition of 
molasses. Table II shows the increase when the sugars alone are added to the soil. 

TABLE II 

Plate Oounta of Yeasts and Bacteria in Soil After the Addition of Sucrose and aincoBe 
Equivalent to that In Molasses at the Bate of 10 Tons per Acre 


Alillixins pci Giam of Boi* 





12 houis 

24 hours 

48 houis 

Yeast — control .... 




29.0 

23.0 

28.0 

sugar 




20.0 

217.0 

80.0 

Bacteria — control , . 



Rl.O 

87.0 

102.0 

bUgai . .. 




803.0 

1820.0 


These figures show a decided increase in the number of organisms between 12 
and 48 hours. Although the number of bacteria present is much greater than the 
number of yeasts* when the size of these two organisms is considered, probably 
over 90 per cent of the micro-organic material produced is made up of yeast cells. 
These figures show the correctness of McGeorge’s (1) suggestion that the rapid 
biological activity in the scril on the addition of molasses was due to the growth 
of yeasts. At the end of 48 hours about 85 per cent of the sugar applied in the 
molasses had been used up by the organisms, and the remaining 15 per cent wtis 
used within the next few days. 
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Carbon Evolution 

W'ith the destruction of the sugars and the growth of soil organisms comes a 
rapid rise in temperature and an evolution of carton dioxide as a by-product. It 
has been found that the evolution of carton dioxide from a soil is one of the best 
measures of biological activity. In the case of the molasses the bulk of the carton 
dioxide is evolved during the first 48 hours, and correlates both with the number 
of organisms and with the temperature rise. Fig. 1 shows graphically the c^'olu- 
tion of carbon dioxide and the temperature rise for the first 7 days from the appli- 
cation of molasses at the rate of 10 tons per acre. 



Fig. 1. Rhowmg rise in temperature and the rate of evolu- 
tion of carbon dioxide for a period of seven days after the 
addition of molasftcs at the rate of ten tons per aero 2,000,000 
pounds of soil. 

The carbon from the sugars is lost more rapidly than that from the non- 
saccharine substances. At the end of 10 days about 56 per cent of the carbon in 
the sugar and 35 per cent of that in the non-saccharine substances was evolved as 
carton dioxide. The amount of carljon evolved as carbon dioxide during the first 
10 days is governed somewhat by the amount of available nitrogen present for the 
organisms. With a small amount of nitrate nitrogen present 49 per cent of tlie 
total carbon in the molasses was lost during the first ten days, but if an abundance 
of nitrogen was present 59 per cent was evolved as carbon dioxide. This shows 
that nitrogen hastens somewhat the decomposition of the molasses by supplying 
that element to the growing organisms. 

M the end of ten days all of the sugars and all traces of any pigment materials 
in the molasses have disapj^eared. If by this we may assume that the molasses 
has entirely decomposed and still 40 per cent of its carbon is retained in the soil, 
then it must have been assimilated hy the soil organisms and built up into micro- 
organic tissue. If this is true, tlien at the end of ten days after the application of 
10 tons of molasses to a soil there has been produced approximately 3 tons 
(dr}' basis) of living organic matter, perhaps 90 per cent of which is in tlie form 
of yeast cells. This form of organic matter is very unique and x)erhaps never 
occurs except under these peculiar conditions. In all of the writer's experience 
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\ easts liavc nc\er been consideiecl as a veiy large factor in soil fcrtiliu \\i ei 
orrlinaiy oiganic matter, such as green manures, aie ploued down the decompO'Ni- 
tion is large!} In bacteria and fungi and the organic matter left in the soil is large!} 
inert or dead mateiial With the yeasts lesulting from the use of molasses, the 
added oiganic matenal is li\ing, high m nitrogen and \ery active and has the 
ad\antage o\ei dead matenal that its a\ailahilit\ will he slowei and extend o^er a 
longer period of time This is ol especial value under the climatic conditions of 
Haw'aii where decomposition gots on 12 monthb of the }eai, and dead oiganic 
matenal such as gieen manures goes out \ei} rapidly 

The biological activit} of the soil is gieath increased by the addition of 
molasses ^^en aftei the sugars ha\e all disappeared and perhaps none ot the 
original oiganic substances added in the medasses arc left, the soil is much more 
active biologically than the control soil Between the tenth and the eighteenih 
da} after its application fiom six to eight times the amount of carbon dioxide i-^ 
evohed fiom the soil treated with 10 tons of molasses pei acre than from the uu- 
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Fig. 2. The Pelati\e l>iol(igiial ai-thitv- foi the iieriod between 14 and 18 d<i\s aftei' a 
soil containing 328 p.p.ui. of nitrate mtiogoii la txcated witli \ aiding amounts of moLis'ie''. 

1. Contnil, no molasses. 

2. 21^ tons niolasats per aeio 2,00l),00l» ll)s. soil. 

3. 5 tons molasses poi ucie 2,000,000 lbs. «oil. 

4. 10 tons molassLS i^er aiie 2,000,000 lbs. '■oil. 

3. 20 tons molasses pei aeie 2,000,000 11 >s. soil. 

treated soil. Thi*^ is a veiy good indication of the relative biological actndties of 
the two soils. In time this spread decreases and approaclies the control but per- 
haps reaches it only after a ver} long period of time, if at all. This helps to 
account for the long continued lieneficial effects tliat have been observed from ihe 
use of molasses. Fig 2 gives some idea of the relative biological actmties of a 
soil containing 328 p.p.m. of nitrate nitrogen wdien treated with vaiwnng amounts 
of molasses. 


Nitrogen Relations 


Of even greater interest than the accumulation of organic matter as such, re- 
anltixig from the applicatiou of molasses, or the increased biological action which 
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follow b. is the relation which these activities bear to the nitrogen present in the 
M^il as ammonia or nitrate. Almost immediately after the application of molasses 
to a soil there is a rapid disappearance of the nitrate or ammonia nitrogen present. 
This disappearance is almost directly proportional to the amounts of molasses used, 
and is equivalent to between 25 and 30 pounds of nitrogen for each ton of molasses. 
This nitrogen is not lost but used in the growth of the yeast cells and bacteria 
and built up into active living organic matter, from which it is liberated at a later 
period. Fig 3 shows the disappearance of the nitrate nitrogen from a soil con- 
taining 328 p.p.m. of nitrate nitrogen, when untreated, and w^hen treated wdth 
amounts of molasses var\ing from 2J4 to 20 tons per acre 2,000,000 pounds of soil. 

There is a very close correlation between the drop in nitrates, the carbon evolu- 
tion, the rise in temperature and the increase in numlier of micro-organisms, so 
that it seems rather safe to say that the whole process is biological and that the 
nitrogen is changed from inorganic or nitrate nitrogen to protein or organic 
nitrogen during the grow’th of the soil organisms. This is not denitrification in 
the true sense of the w'ord but only a change from the inorganic to the organic 
form with no resultant loss of nitrogen and has no relation to the process of 
nitrification. 



IMg. 3. Cun 08 Allowing the disappearniiLe and reappeaianco of nitiatcs after the appli- 
cation of molasses in varying amounts to a soil confainmg 328 p.p.m. of nitiate niliogen. 

For this nitrogen to become available to the growing plant it must again 
change to nitrate and this takes place in due course of time as the organisms die 
and decompose in the soil. Tlie rate at which this takes place depends upon the 
amount of micro-organic material present, and this amount is governed by the 
amounts of molasses and nitrogen added in the beginning. If the amount of 
molasses is in excess of a ton for each 25 pounds of mineral nitrogen present, the 
nitrification rate will be slow, but if less than this amount it will be more rapid. 
It appears tliat for best results there must be something of a balance l>etween the 
molasses and the mineral nitrogen. This may help to explain why the use of 
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molasseis hab sometimes given excellent results and at other times little or nothing* 
or delayed returns coming in the ratoon crop. There is also a physiological balance 
l}et\veen the nitrogen as nitrate in the soil and the needs of the plant, and it appears 
tliat the combination that will furnish the nitrogen to the plant at about the rate 
which will best supi^ly its assimilation needs, will give the best plant growth. In 
other words, a nitrification curve similar in form to the growth curve of the jilant 
will perhaps give best results. 


CoNCLrsioxs 

1. ^\"hen molasses is apjdied to the soil under aerobic conditions, the sugar 
which it contains is decomposed and lost within three or four days and from 50 
to 60 per cent of the total carlion in the molasses is lost in the first ten days. 

2. There is a rapid rise in temperature corresponding to the evolution of 
carbon dioxide. 

3. There is a rapid increase in tlie bacterial and yeast counts corresponding lo 
the evolution of carbon dioxide and the rise in temperature. 

4. The application of 10 tons of molasses per acre renders the soil thus treated 
from six to eight times as active biologically, after a period of two to three wrecks, 
as the untreated soil. 

5. Mineral nitrogen is utilized in the process of decomposition of molasses in 
the soil to the extent of about 25 to 30 pounds of nitrogen per ton of molasses 
decomposed, and a Ihing, active micro-organic material formed in the soil w’hich 
contains 4 to 6 per cent of nitrogen. Evidence indicates strongly that this organic 
material is largely made up of yeast cells. 
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A Rapid Colorimetric Method for Phosphorus 
Determinations 


B\ Kitchie R. Ward 

The importance of phosphorus in studies of soil fertility, and of biological 
materials, has been recognized for inanv >ears. Methods for deteniiining large 
amounts of phosphorus have long been known, but Taylor and ^Filler (1) Avere 
the first investigators to employ a colorimetric method for the estimation of small 
amounts. 

This method depends on the Idue color that is developed w’hen the niolyl')date 
of phosphorus is reduced with phenyl hydrazine. A numlier of other reducing 
agents have been suggested (2), but stannous chloride, used by Deniges (3), and 
hydroquinone, used by Bell and Doisy ( 4) have come into most general use. The 
method of Bell and Doisy w^as subsequently modified by Briggs (5) and by Fiske 
and Subbarow’ (6), and has l^een used by Arrhenius in Java. 

Parker and Fudge (7) studied these methods in relation to their merits for 
determining phosphorus in soils, and reached the conclusion that the method of 
Deniges is approximately five times as sensitive as that of Fiske and Subbarow\ 

Improvements on the Deniges me .hod w-ere recently made by Truog and 
Meyer (8), who made a detailed study of interfering substances, and worked out a 
procedure which eliminates such errors. They state that the improved method 
'‘appears to 1^ one of the most satisfactor}' in the field of colorimetric methods 
and should find wide application in biology, agriculture and industr}’,” 

A large number of determinarions of phosphorus are made in the Experiment 
Station chemical laboratory. The regular method is by precipitation as ammonium 
phosphomolybdate and subsequent titration, which is tedious and time consuming. 
*V faster method of comparable accuracy was desirable; accordingly, a senes of 
determinations was made by the colorimetric method of Truog and Meyer, and the 
results compared with those obtained by the regular volumetric procedure followed 
in this laborator}’. 

The reagents required for the colorimetric determination are given by Truog 
and Meyer as follows; 

Ammonium molyhdatt — sulfurlt* acid soJuiwn: Disholve 2»i grams ammonium luolylidat* 
in 200 cc. of water heated to i\ and liltei. Dilute 2S0 ee. of uisenie- and phosiihorub- 
tiee cunecntiated sulfuric mid (about 3ft X) to 800 ce. After both solutions have cooled, 
add the ammonium molybdate Holution slowly, with shaking, to the sulfunt acid solution. 
Aftei the combined solution has cooled to loom tempeiatuie, dilute ivith 'watei to cvactly 
1000 cc. This is a 10 N sulfuiic acid solutum containing 2,5 giams <»f ammonium molybdate 
per ItlOO cc. 

i^tannouH ddoridi i,o1ution: Dissolve 2o grams of RnCla- 2HaO iu 1000 il. of dilute (10 
]>er cent by volume^ hydiochloric acid solution, Filter if neeessarj', Rtoie in a bottle 
with a siphon or side opening near the bottom, arranged with a glass stopcock for deliv- 
ering the solution in drops. The solution should be protected fiom the air by floating a 
lover of white mineral oil about o mm. thick over the surface. 
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Htmidiird phosphair soTuiwn : Dissolve 0.2195 gram of lecrvstallized potassium djhvdri)- 
gcu phosphate anil dilute to 1000 ce. This soluiion contains 50 parts per million of phos* 
phoims and is too eoncentrated to use directly. A second stock solution is made l)y taking 
50 cc. of the first stock solution and diluting to 500 cc. This second stock solution con- 
tains 5 p.p.m. and is used for making the standard solution for comparison. 

A Keiinicott- Sargent colorimeter was used for making the color comparisons. 
To make the standard solution for use in the colorimeter, take 25 cc. of stock 
solution containing 5 p.p.m. of phosphorus and dilute to 4S0 cc. with distilled 
water, add 20 cc. of ammonium molybdate-sulfuric acid solution and mix thor- 
oughly by shaking in the volumetric flask. Add 30 drops of stannous chloride 
solution, and shake. Dilute to exactly 500 cc„ shake, then wash out the colori- 
meter tube and plunger several times with the solution, finally filling the colori- 
meter tube. Insert plunger, and the colorimeter is ready for use. 

Analytical procedure: In citric acid extracts precipitate the iron, aluminum, 
and phosphorus from solution with ammonia as usual, adding ferric chloride on 
which a blank has been determined, if necessary ; wash thoroughly with hot water. 
A double precipitation is recommended. W^’ash the precipitate from the filter with 
a stream of water, taking care to include that part which sticks under the fold.*^ of 
the paper. Carefully dissolve \vith 1 to 1 sulfuric acid, using as little in excess as 
possible. From 1 to 5 cc. of 1 to 1 acid will l^e required, depending on the 
amount of precipitate. If the solution is more than faintly acid, bring the solution 
near neutrality 'with dilute caustic, stopping before the red color of phenolphtlia- 
lein appears. 

Wash the solution into a 500 cc. volumetric flask, make up to the mark, and 
pipette S cc. into a 250 cc. beaker or Erlenmeyer flask. Dilute to about 50 cc., 
add a piece of mossy cadmium to reduce ferric iron, and let stand several hours, 
or preferably over night. 

W'ash into a 100 cc. voliuiietric flask, add 4 cc, of ammonium molybdate-sulfuric 
acid solution, shake, add 6 drops of stannous chloride solution, make up to the 
mark and mix thoroughly. 

The blue color appears immediately; if the color is less intense than that of 
the standard, pour the entire 100 cc. into the colorimeter comparison tube, and 
adjust the standard to match. If the solution contains more phosphorus than the 
standard, pour a correspondingly smaller amount into the graduated comparison 
iiiht and multiply the result l)y the proper factor. 

If the solution contains more than t'wice the amount of phosphorus as tlie 
standard, it will be necessary to take an aliquot and repeat the procedure. Main- 
tain the same amount of molybdate (4 cc.) and stannous chloride (6 drops) in 
100 cc. final solution. It is not advisable to use a stronger standard, as the color 
developed 'will he too intense to allow accurate matching. 

The volume of standard required to match the solution, multiplied by 0.0CX)1145, 
gives the per cent citric add soluble phosphoric add, when the total ii*on-aluminiun- 
phosphorus predpitate is made up to 500 cc, and a 5 cc. aliquot is taken. 

Comparison with the standard should be made within 10 minutes after adding 
the stannous chloride. It has been found convenient to make up a separate standard 
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for each i?et of ten detenninatioii's ; it ib posbihle to make the ten comparisons 
within the allotted time. 

Tniog and Meyer outline the folluxving {;>eneral precautions: 

Reagenth, filter paper, water, and glassware often contain appreciable amounts of 
pliospborus and arsenic. Blank tests should be made frequently in which all the jeagents 
and glasswaie umie into play; there should not be produced more than a veiy faint blue 
color, if everything is sa tisfactoiy. New glassware bhould he weatheied for 24 hour^ in 
dichromuto — sulfuric acid mixture. It is absolutely essential that each lot of new re- 
agents be testeil. 

Munkteirs No. 0 filter paper has l)een found to be practically free from 
pho'sphorus and arsenic. 

Experimental results: A test was fir^t made to determine whether the results 
obtained by the colorimetric method were reproducible, A series of duplicate 
detenninations w’as nin on a set of 35 soils ; the results are presented in Table 1. 
It w’ill he been from these figures that uniformly good checks can obtained. 

A comparison w'as next made Ijetween the results obtained by the colorimetric 
method and those obtained by the regular volumetric procedure. These figures 
are shown in Table 11. In column A are show*n the results using the regular 
method : in column B are shown the colorimetric resultb on the corresponding soil. 

The straight line which l)est represents these points on a graph was calculated 
by the method of least squares. It is a line of slope 0.827, and if \re let 

x = peT cent PoO^, as determined volumetric ally, 
y = per cent PoO-, a» determined colorimetrically, 

the equation of the cur^^e is 

T— 0.0004 


.827 

In column C the value of y as given by the equation is presented, and the dif- 
ference of this value from that actually observed appears in column D. In 
column E the corresponding percentage differences are show'ii. 
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TABLt: T 


Pei Cent F-jP-„ Bun 1 I’ei Cent I'jO-;, Bun 2 


.(116 

.016 

.028 

.027 

.038 

.037 

.04j 

.046 

.071 

.1170 

.OJO 

.020 

.052 

.056 

.0087 

.0082 

.027 

.026 

.022 

.022 

.0082 

.0002 

.025 

.025 

.011 

.011 

.0055 

.0060 

,0078 

.0070 

.04.3 

.043 

.012 

.012 

.027 

,026 


.'eiit ]'jO-„ Bun 1 Pei Cent PjO-„ Hun 2 


.032 

.032 

.021 

.021 

.0096 

.0092 

.0073 

.0082 

.012 

.011 

.019 

,017 

.040 

.030 

.017 

.017 

.0060 

,0064 

.0055 

.0050 

.0046 

.0050 

.013 

.013 

0073 

.0082 

.0087 

.0002 

.0078 

.0078 

.0041 

.0041 

.0055 

.0060 


These differences are then treated by the statistical method. It is found that 
the standard deviation of a single percentage difference is 


S. 



7 o 


25—1 


and the corresponding prolwible error 
P. E. = 0.8745 X 7.2 =4.8 

This means that the probable error of calculating the per cent phosphoric acid 
from the equation is 4.8 per cent. To illustrate, if a colorimetric detennination 
gave a value of 0.003S per cent P«0,, the volumetric determination should give a 
value of 0.0038 ± 0.0002. 

It is believed that this error is less than the respective errors of sampling the 
soil, extracting tvith citric acid, and finally, interpreting the results in terms of 
fertilizer practice. 
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A tcbt was next made to determine the aljility of different ohser^^ers to match 
color intens^t^^ as required in this method. Four different persons matched the 
solution and standard on the same sample. The volume of standard necessary lo 
match the sample was found to be 76 cc. in one case, and 84, 87 and 92 cc. in the 
others. These readings differ widely, yet each observer was able to check his o^yn 
reading within 1 or 2 per cent 

In view' of the fact that the personal equation enters so prominently into the 
matter of matching color intensity, it will be necessary for each analyst to deter- 
mine his own curve, and advisable that he also detennine the probable error of a 
single observation. 

The above results appear to indicate that the colorimetric method ma\ be used 
in determining phosphorus in soil extracts, without introducing errors larger than 
others already present. 

The method is rapid and convenient, and is particularly useful when small 
amounts of phosphonis are to be determined. 

Summary 

(1) A rapid colorimetric method for determining phosphorus has been 
described. 

(2) The results obtained have been showm to lie reproducible. 

(3) An equation for calculating the per cent of phosphorus as indicated by 
the standard method, from the results of the colorimetric method, has been 
developed. 

(4) The influence of the personal equation on the method has been noted, 
and meaiis for obviating the error so introduced liave been presented. 
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Boric Acid Absorption of Kjeldahl Nitrogen 


B\ Ahthir S. A\res 

The methods emplo}ed at this Station for the deteniimation of nitrof^en in fer- 
tilizers involve its reduction, from various forms, to ammonia. The ammonia, 
thus formed, is su))sequently distilled through cooling coils into an accurately 
measured quantity of standard sulfuric acid solution. Back-titration with standard 
sodium hydroxide solution gives the amount of acid required to neutralize the 
ammonia distilled from the sample. 

In 1913, Winkler ( 1 ) proposed the sulistitutiun of l)uric acid for sulfuric in 
the fixation of ammonia distilled over in the course of the Kjeldahl method for 
the determination of total nitrogen. By this sulistitution the necessity fur back- 
titration is eliminated and the ammonia in the fixing solution is titrated directly 
with a standard acid. Scales and Harrison (2) investigated this method and found 
it to lie equall) as accurate as the standard sulphuric acid absorption. Sjjears (3) 
in 1^21 conducted a series of sixt}’ determinations on feed stuffs In both metliods. 
The agreement obtained was very satisfactort'. 

The several ad^'antages of boric acid over sulfuric acid in nitrogen deteniiina- 
tions, ab found by these investigators, has led us to consider its adoption in fer- 
tilizer analysis. A series of comparative tests of the two methods has been made 
and it is the purjjose of this paper to present and briefly discuss the results. 

In order to obtain a fair comparison of the two methods laboratnr}* samples 
of fertilizers, taken largely in the order received, were analyzed as usual and 
checked in duplicate against the neuer procedure. These samples contained 
nitrogen in widely A^irying percentages in one or more of the following fonns: 
ammunia nitrogen, nitrate nitrogen and organic nitrogen. Routine separations, 
reductions, digestions, etc., were all made by official (A 0. A. C. ) methods. Dis- 
tillations were carried out in accordance with the regular laliorator}' procedure. 
In the case of the samples run by the sulfuric acid method the distillate was re- 
ceived into a sufficient excess of 0.2 N sulfuric acid to effect complete neutraliza- 
tion. using methyl red indicator. Where lioric acid was used the distillate was 
received, at room temperature, into 50 cc. 4 per cent boric acid solution. Spears t3) 
found that 0.095 gram of nitrogen, as ammonia, could be recovered trith 
accuracy from the distillate when this quantity of boric acid was used. This result 
was obtained without the use of glycerin which Adler (4) recommends. The 
ammonia was led as deeply as possilile into the fixing solution during the first 
fifteen minutes of distillation, after whicli the condenser tube was raised .so tliat 
tlie subsequent distillate would serv^e to rinse the tip. Blanks were run using all 
reagents. The standard add employed as a neutralizing agent in the sulfuric 
add method and for the direct titration in the boric add method, was 0.2 X sul- 
furic acid. 

Various indicators were tested in conjunction with the new reagent. Congo 
red tvas found to be the most satisfactorj’, although choice of indicator is somewhat 
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a matter of jjerboiial taste. Spears (3) recommends the use of l)romophenol blue 
in this titration, using artificial light. 

The indicator employed in this lalx)rator}' for the determination of nitrogen by 
the sulfuric acid method, is methyl red In the determination of ammonia nitrogen, 
Congo red has a decided advantage over this indicator The base used in the 
ammoma-nitrogen-detennination is magnesium oxide, which contains magnesium 
carbonate as an impurity The carbon dioxide carried o\er during the distillation 
interferes with the proper action of methyl red, as an indicator, and hence mus 
be removed iinor to titration. The use of Congo red renders this step unnecessarj' 
Wliere boric acid is used as the fixing agent no attempt should be made to heat 
the distillate before titrating. 

The results obtained 1)y the two methods (see Table) show very close agree- 
ment in practically all cases. Other comparative tests by Van Brocklin, Shepard- 
son and the writer, show equally dose agreement. The average of all values showm 
ill the table indicates that there is no systematic error involved. The averages of 
the deviations from tlie mean, 0.013 for the sulfuric acid method and 0.014 for 
the boric acid method, show no significant difference. The probable error, cal- 
culated from the data, is 0.0092 for the former method and O.OKX) for the latter, 
which is identical for practical purposes. The results appear to lie equally satis- 
factory' for each of the three forms in which niti'Ogen was determined, namely, 
ammonia nitrogen, nitrate nitrogen and organic nitrogen. 

TABLE or EEKLTLT8 

Per Cent Nitiogeii liy Poi Cont Nitiogen by 


Haniple 


Absoi ption 

H.jBO 1 

AIhoi ption 



Avci ago 


Averngo 

1 

7.00 


7.01 



7.00 

7.030 

7.07 

7.040 

o 

10 26 


10.20 



10 22 


10.17 



10.26 

10.247 

.... 

10.185 

3 

2.91 





2.89 





2.90 

2.900 

— 

2.905 

4 

2,27 


2.29 



2.24 

2.233 

2.26 

2.273 

5 

11.66 


11.02 



11.34 


11.57 



11.64 

11.613 

. .. 

11.596 

6 

8.66 


8.66 



8.66 

8 660 

8.66 

8.660 

7 

4.34 


4.28 



4.30 

4.320 

4.24 

4.260 

8 

5,46 


5.56 



6.30 

5.480 

3.46 

5.510 
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0 

(»74 


(•.71 



0 74 


(•.?(• 



■ •• 

74n 

o.oo 

(•."(•(» 


mi 


0.40 



o..'=;n 


(•.40 




(i.>(r» 

(>.5(^ 

(• 40,'. 

11 



(•.5(i 



0 54 

(•..>45 

054 

(.•..55t> 

12 

(1 7rt 


0.74 



0 70 

••.7(n 

(• 74 

(•740 

U 

(155 


(•.51 



0 52 

0.525 

(•.51 

0.510 

A% eiJge 


4.27 


4.2fi 


The chief advantages of the new method over the old one are : 

( 1 ) Employment of one standard solution instead of two. This save^ time 
and eliminates one possible source of error. 

(2) But one accurate measurement is required instead of two. Time is 
again saved and the possibility of slight errors in reading the burette eliminated. 
Since the absolute amount of boric acid in the receiving flask need not be accurately 
measured, an unskilled assistant may do this part of the work, where a large niuii- 
1)er of nitrogen detenninations are to be made. Scales and Harrison f2) found 
that this rough measurement of the acid saves from one-fourth to one-third of the 
time required to obtain equally acairate results by the old methods. 

( 3 ) The strength of the standard acid, and weights of samples taken can be so 
adjusted that the percentage of nitrogen can he read directly from the burette, or 
else obtained by the simplest mental arithmetic. 

From a consideration of the adrantages of the new method over the old and 
from the foregoing analysis of data, it is felt that the substitution of boric acid 
for sulfuric acid, as a fixing agent in the de'emiination of nitrogen in fertilizers, 
is well justified. 


Summary 

1. The methods of nitrogen detennination, as heretofore employed at uhis 
Station, involve the distillation of ammonia into an accurately measured quantity' 
of standard sulfuric acid. The excess acid is then back-titrated with standard 
sodium hydroxide solution and the percentage of nitrogen in the sample calculated 
from the difference thus obtained. 

2. The boric acid method of nitrogen determination, in which toric acid solu- 
tion is substituted for sulfuric acid as the fixing agent, pennits the direct titration 
(if the ammonia in the distillate with standard acid, 

3. Comparative tests on nitrogen in fertilizers have been determined by l>oth 
methods in this laboratory. The agreement between the two sets of results thus 
obtained is very satisfactory'. 
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4. It was found that the boric acid abhoqjtion ib a time-saving expedient which 
ma)’ be employed without any sacrifice of accuracy. 
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Forestry in Formosa 


By J. P. ilARiix 

\Miile eii route to Java to attend the Third Congrebb of tlie International 
Society of Sugar Cane Technologists, 1929, the delegates from Hawaii had the 
opportunity, through the courtesy of the government of Fomiosa, to observe some 
of the various Formosan industries. 

Among the outstanding industries of Formosa is lumbering, and the forests 
are under the protection of the government. A trip was made to the forest of 
Arisan, which is one of the three principal forests The illubtrations accompanying 
this article were taken while visiting the Ariban forest. In the higher elet'ations 
btrange people, known ab head-himters, still inhabit the primeval forests. The 
savage proclivities of these primitive people are now kept under control and only 
an occasional uprising occurs. 

The government of Formosa published, in 1926, a book entitled: Protfressivc 
Formosa, The following paragraphs, dealing ^\ith forestry' in Formosa, are taken 
verbatim from this book : 

\Yell-nigh one half of the smfate of the island lieing covered with high mountains 
rising to a height of 6 9,000 ft. to 1:213,000 ft. above sea-le\el, there exists n Inigc area 
of magnificent piimeval foiest. 

The f 01 eats hoideiing on the plain had, under the Chinese regime, been to a great 
extent denuded of tiees, owing paitly to leclumation for agricnltuial purposes, and paitly 
to fii es and indiscriminate felling for timber and fuel, without any attempt at rc-afforeata- 
tion. The re afforestation work tv ns taken in hand after the advent of the Japanese, but 
has not yet made any notable progiess Accoidingly the unexploited piimeval foicsts aro 
now onlv to be found in the lugged high mountains fai beyond the access ot civilized 
settleis. The foiests of Taiwan, OT\ing to their gengiaphicnl pobition, geological qualities, 
and climatie conditions, tioraiirise an amazingly large variety of trees belonging to the 
tropical, sub-tiopieal, temperate and even the semi ai tic zones. It is no Tvonder that tho 
Portuguese navigators looking up at the Terdant mountains from the high exclaimed: 
^‘Isle of Beauty^'^ 

Among many large forests so fai disco veied, tho most renowned aie the Arisan, 
Hassenzan and Dakusui-kei forests, where exploitation is being acti\ely carried on under 
the Go\ernment Forestry Bmenu. In 10123, the volume of timber disposed of by the Gov- 
ernment amounted to over 298,990 koku,*" representing S,oa0,000 vent in value. Of the 
three great forests, the Arisan foiest is the must important, standing foremost in respect 
of extent, wealth and heauty, and is fast becoming known to Japanese and Westemers as 
well. Arisan is the name giTcn to a range of mountains sti etching westwaid from ACt. 
Niitaka. and is situated about foity miles east of Kagi. The forest lies at an altitude 
ranging from 2,SOO ft. to 8,700 ft. aboTO aea-level, covering an aiea t»f 11,000 chobu 
(27,000 acres). The timber obtainable from the forest is estimated at 22,000,000 board 
feet. As for the distribution of the piedominant trees, benihi {Chamacrjfparig formosem^la) 
grows mingled with other trees at an altitude of 6,000 feet above sea level, and from 7,000 
feet upwards are found in turn, woods all com])o8ed of benihi and hiuoki {Chamaecj/ parts 
ohiUha)f while tsuge {isuge formosa^ and himekomatsu (pinus parviflora) are found min- 

* Koku =; 9.8274 cubic feet, 
t Ten = a0^. 
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to piuate paitiea to engage m the sime uaefnl noik Duung 1023 the extent of newh 
plinted land oftoieated both In thi go eminent ind In piu ite paitios imounted lo 
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I’leiglit lieittg transported to the InmlHi eimpb 
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deforestation o± slopes of Mt Aiissn as viewed tiom the train 



Village built entuely of bamboOi on the way to Mt Aiisan 







321 



Bide-]iUl forests, Arisait. 
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Fk>me of tlio delegates *it a hogging cimp, 
Ansan 
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Al lirge log being tiansi>oited from the foieet 
to the lailro&d station In aeiial eibles 
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'Cloaeup” of the men lieid ImnUr: 
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The Decomposition of Carbohydrates in Water-Logged 
Soils, and the By-Products Remaining in the Soil 


The investigatioiib conducted b> Subrahmanyan are interesting to tliose 
planters i;\ho are retaining considerable amounts of cane trash in the fields and to 
all who are using, or are considering tlie use of, molasses as a soil amendment 
The work, done at Rothamsted Expenmental Station and reported in The Journal 
of Agricultural Science, Vol XIX, October, 1929, is herein briefly reviewed. 

Potassium nitrate was added in varying amounts to 100-giam samples of soil 
free of all organic matter, and incubated for several days. On leaching these soil 
bamples \vith water practically all of the applied nitrate was recovered in the leach- 
ings, which indicates that there could he no denitrification or utilization of nitrogen 
by soil organisms in the absence of sugar or other carbohydrates 

When potassium nitrate w^as added in the same manner, but together with 
varying amounts of glucose, the nitrates usually disappeared by the third day of 
incubation. The nitrates in the soil had been changed by tlie activity of various 
soil organisms into organic forms of mtrogen and had become part of the living 
protoplasm of the bodies of these soil organisms. After the available eneigy mate- 
rials in the form of sugars or other carbohydrates in the soil have become ex- 
hausted, a gradual decomposition of the resulting dead bodies ensues, followed 
by nitnfication processes which convert the protein or organic nitrogen contents 
of the organisms into nitrates again. In the form of nitrates, this nitrogen may be 
leadily absorbed by growing plants. 

The utilization by soil organisms of the applied nitrates and sugars was accom- 
panied by a rapid decrease of the free ox\gen dissolved in the overMng water. 
The rate of utilization of oxygen increased in proportion to the concentration 
of sugars in the w^ater and soil This indicated that the soil organisms utilized 
considerable quantities of oxygen in their growlih. As the oxygen content of \he 
water decreased there was an observed parallel increase in carten dioxide content 
of the solution which indicated that both carbon and oxygen were being utilized 
by the soil population. In this instance the carbon w'as derived from the sugar 
dissolved in the soil solution. 

There w’as an observed increase in acidity of the soil solution and surface 
w’ater resulting directly from the activities of the soil organisms This reaction 
would be expected, in part at least, as the result of the concentration of carbon 
dioxide dissolved in the w^ater forming carbonic acid, 

.Vnother factor w^hich accounted for tlie increased soil acidity was tlie forma- 
tion in the soil of large quantities of lactic acid as the result of the actiidties of 
soil bacteria. The author states that 30 or 40 per cent of the sugar decomposed 
was converted into lactic acid. Later on in the process of incubating these soils 
the amounts of lactic acid decreased and the amounts of acetic acid increased* 
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The acetic acid was also a direct product of the breaking down of sugars by soil 
organisms. In this instance the acetic acid had been formed through oxidation of 
the lactic acid. 

Soil samples to which had been added, noi glucose, but solely lactic acid, were 
water-logged and incubated. Soil micro-organisms converted this lactic acid to 
acetic acid. 

In soil samples to which sugar had been added and the samples incubated, not 
only lactic and acetic acids were detennined quantitatively, but also butyric acid 
was determined as present in relatively large quantities. 

Thus the author shows that the sugar added as glucose to the soils incubated 
in a flooded condition, w'as eventually converted to lactic, acetic and butyric acids 
and about 20 to 25 per cent eventually became carbon dioxide. These organic 
acids, formed by microbial activities in these soil solutions, eventually were con- 
verted to lower forms of carbon compounds by certain soil organisms, presumably 
reaching a final form as carbon dioxide. 

Under Hawaiian conditions where water-logging or continued flooding does 
not normally occur, the decomixisition of cane trash and of molasses probably pro- 
ceeds much more rapidly. The progressive steps in the process of decomposition 
are doubtless the same while the end result is reached probably much sooner under 
our conditions of better aeration. 


C. C. B. 
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The Pre-Harvest Sampling of Cane by Refractometer 
at Ewa Plantation Company 


B\ J. D. Bond 

In the hope of materially increasing the accuracy and reliability of our pre- 
har\’est cane samples, particularly in respect to the number of samples to be 
obtained, studies on the use of the refractometer in sampling cane were instituted 
in September, 1927. 

Technique 

An Abbe refractometer equipped wi‘h a scale to read directly in per cent solids 
as applied to sugar solutions, was employed in obtaining the data reported here. 
The instrument was adjusted to read at 28® C. and was maintained at this tem- 
perature, within limits of not over half a degree, by using the water jacket. The 
adjustment was checked frequently by the use of sugar solutions of known con- 
centrations. 



Pig. 1. (Prom left to right.) Vial used to receive individual 
borings; tin l)ox to receive borings 'n lots of a hundred or more; 
and the samplmg “gun” used m this work. 


At the start of this work, ordinary cork borers w’ere used to obtain the samples. 
This was unsatisfactor}', however, and our machine shop subsequently developed a 
small sampling ‘'gun*' (Fig. 1) w’ith replaceable cutting tips. The sample plug, 
about 5 16 inch in diameter and inch in length, was ejected by a small plunger. 
\Miere the solids were detennined on the samples individually, each plug was 
dropped into a small homeopathic \4al. Canvas “cartridge" belts were used to 
receive these vials in field work (Fig. 2). In later work, when a hundred or more 
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lx>rings constituted a sample, these were collected in tin boxes, 3]^ inches long, 
V 2 inches wide and 254 inches deep A close-fitting cover was designed to cut 
down moisture losses due to evaporation, and when necessar}’ to keep the samples 
over night the box and cover "were taped securely together l:)efore being placed 
on ice. 

In the laboratory, the juice from single borings was expressed by a broad- 
jawed pair of pliers into the same vial, mixed, and a few drops placed on the lower 
prism of the refractonieter. Readings were recorded directly by a small adding 
machine operated by the analyst. WTien a hundred or more liorings constituted a 
sample, the laboratoiy’ screw press was utilized. Enough juice was expressed in 
this way for the determination of the polarization. 



Fig. 2. SboTring the use of the sampling and the belts 

used to receive vials. 


Point of Sampling on the Stalk 

In order to determine tliat portion of the stalk most suitable for sampling, 
according to the method outlined above, preliminary work was concerned with the 
variation of the juice solids from internode to intemode throughout the stalk 
length. The work was done on stalks brought in as regular pre-harvest samples 
to be crushed in the small sample mill. The fields sampled were from IS to 18 
months old at sampling and were approaching, or at, maturity. A total of 153 
stalks were used in this preliminary study. In order to sample only that portion of 
the stalk coming under the category of millable cane, the first boring for the 
refractometer was taken at the eighth intemode, counting that immediately below 
the node to which the leaf \rith the topmost visible dewlap was attached, as the 
first. In practice, this point was determined by counting down eight leaves and 
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ihub determining the first inteniode to be sampled. One boring ^\ab taken approxi- 
mately at the center of each intemode, dropjied into appropriately labelled vials 
and sent to the lahoratoiy. 

The great \'ariation in the number of internodes per stalk, necessitated a group- 
ing of the data by stalks according to the number of internodes. The data have 
been summarized m Table I. each group including a range of five iiitemodes in the 
total number noted. Within each of the groups of Table T, variations are found, 
further, dependent upon the relative maturity of the stalks as e\'idenced by the con- 
centration of total solids in the juice. Assuming tliat the arithmetical average of 
all the determinations per stalk will be roughly proportional to the total expressed 
juice of that stalk. Tables II and III have been arranged from the data of Table I. 
In Table II. average solids from 16.00 to 17.99 per cent have been considered t 
and in Table III from 18.00 to 19.99 per cent, the same grouping of Table I being 
otherwise followed. 



Variation of Stalk Solids by Intemodes — ^Averages According to tbe Ifnmber of Intemodes par 
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TABLE II 

Variation of BtaU: Solids by Intemodes— Averages According to tbe Number of Intemodes 
per Stalk— Averages of All Determinations per Stalk Ranging 
from 16.00 to 17.99 Per Oent Solids 


Intemodes 

32-36 

37-41 

42—46 

47—51 

No. of Stalkb A\eiaged 

11 

13 

0 

11 

Aveiage All Ktalks 

17.06 

16 . s 7 

16.79 

16.90 

8 

11 96 

12 as 

11.43 

11 65 

9 

13.51 

13 S 2 

13 04 

12.89 

30 

14,57 

15 10 

14,43 

13.73 

11 

15.01 

15 . 4 S 

15.12 

14 43 

12 

15 57 

15.70 

15 , SI 

14.65 

13 

15 94 

15.98 

16,00 

13.23 

14 

16 41 

16.18 

16.42 

15 56 

1 j 

16.46 

16.41 

16 53 

15.65 

16 

16 52 

16 59 

16 69 

15.95 

17 

17.05 

16.93 

16 72 

10 19 

IS 

17 37 

16 82 

16.86 

15.99 

19 

17 .* i 0 

17 16 

17.06 

16.15 

20 

17.78 

17 02 

17.18 

16.32 

21 

17 . S 5 

16.86 

16.68 

16.35 

22 

17.92 

16.88 

16.00 

16.33 

23 

18.03 

16.90 

16.87 

16.68 

24 

18.00 

17.02 

16.83 

16 01 

25 

18.08 

17.21 

16.84 

16.85 

26 

18.25 

17.31 

16.60 

17.01 

27 

18.49 

17.45 

16.83 

17.25 

28 

18.56 

17.58 

16,84 

17.37 

29 

18.38 

17 37 

17.06 

17.44 

30 

18.78 

17.71 

17.34 

17.33 

SI 

18.95 

17.84 

17.34 

17.74 

82 

19.15 

17.88 

17.54 

17.94 

33 


18.16 

17.57 

17.81 

34 


18.25 

17.76 

17.97 

35 


18.47 

17.74 

18.01 

36 


18.68 

17.94 

18.08 

37 


18.85 

IS . 12 

18.10 

3 S 



17.99 

18.47 

30 



18,12 

18.59 

40 



18.26 

18.41 

41 



18.46 

18.42 

42 



18.66 

18.65 

43 




18.69 

44 




18.60 

45 




18.81 

46 




18.70 

47 




18.69 
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TABLE ni 

Tariatioii of Stalk Solids lay Intemodes — ^Averages According to the Number of Intemodes 
per Stalk— Averages of All Determinations per Stalk Banging 
from 18.00 to 19.99 Per Cent Solids 


Intemodes 

32-^6 

37-41 

42-46 

47-51 

Xo. of Stnlks Aveiaged 

12 

13 

11 

5 

A\eiagc All Stnlks 

1S.8.> 

18.81 

18.68 

18.61 

8 

13.41 

14.50 

13.85 

11.96 

9 

lo . o3 

15.34 

13.08 

13.94 

10 

16 50 

13.90 

16 05 

14.50 

11 

17.13 

17.20 

16.85 

15.44 

12 

17.61 

17.53 

17.15 

16.08 

13 

18.28 

18.15 

17.68 

17.02 

14 

18.63 

18.67 

18.07 

17.44 

lo 

18.83 

18.73 

18.15 

17.70 

16 

IS 82 

18.86 

18.36 

18.20 

IT 

19.15 

19.26 

18.45 

18.40 

18 

19.51 

18.68 

18.33 

18.34 

19 

19.33 

18.78 

18.30 

18.44 

20 

19.31 

19.06 

18 46 

18.50 

21 

19.30 

19.11 

18.53 

19.02 

22 

19.33 

19.22 

18.61 

19.14 

23 

19.53 

19.30 

18.65 

19.14 

24 

19.34 

19.25 

18.81 

19.04 

23 

19.73 

19.23 

18.76 

19.20 

26 

19.79 

19.47 

18.89 

19.12 

27 

20.01 

19.68 

19.20 

19.36 

28 

20.16 

19.37 

19.45 

19.54 

29 

20.37 

19.48 

19.50 

19.82 

30 

20.57 

19.69 

19.63 

19.56 

31 

20.42 

19.81 

19.38 

19.66 

32 

20,43 

19.77 

19.62 

19.06 

33 


19.88 

19.63 

19.64 

34 


19.95 

19.93 

19.68 

33 


20.12 

19.94 

19.64 

36 


20.13 

19.97 

19.62 

37 


20.09 

20.02 

19.72 

38 



20.00 

19.84 

39 



19.94 

19.90 

40 



19.91 

20.14 

41 



19.70 

20,00 

42 



19.66 

19.88 

43 




19.76 

44 




19.76 

45 




19.38 

46 




19.44 

47 




19.30 


There is evidently a tendency, though not entirely consistent, for the longer 
stalks to have lower solids in the juice at the corresponding intemode, counting 
from the top down ; or, in other words, the shorter stalks have the higher solids, 
at the corresponding intemode from the top than the longer stalks, both yielding 
approximately the same normal juice. In the longer and more mature stalks, the 
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soIids) reach a maximum a few internorles above the base after \\hich the solidu 
decrease toward the base. In the less mature stalks the solids increase pro- 
gresshely toward the base 

In order to gain a general idea of the ^^riatioll of solids from internode to 
intemode, all the data of Table I have l)een averaged, by in^ernodes for IS inter- 
nodes from the top down and again from the base up. The&e averages are given 
in Table IV. 


TABLE IV 

Intemode Average.: — ^Fer Cent Solids in Juice 

Intemode Number 

Top to Bottom Bottom to Top From Top Towaid Bottom Fiom 

Bottom Toward Top 

S 

1 

12.30 

18.81 

9 

o 

13. S6 

18.76 

Irt 

3 

14.75 

18.74 

11 

4 

15. 3S 

18.62 

12 

5 

15.84 

18.57 

13 

G 

16.26 

18.47 

14 

7 

36.60 

18.37 

15 

8 

10.79 

18,28 

16 

9 

16.94 

18.24 

17 

10 

17.13 

18.15 

IS 

11 

17.16 

38.06 

19 

12 

17.24 

18.00 

20 

13 

17 35 

17.94 

21 

14 

17.35 

17. S6 

22 

15 

17.89 

17.76 


The rapid increase in solids from the top down, until about the twentieth inter- 
node (Fig. 3), is evident. The decrease in solids from the base toward the top 
appears gradual, though, as pre\’iously noted, in the longer, more mature stalks, a 
maximum point is reached in this range, followed by a decrease. 

In selecting a point of sampling, it is essential to designate a portion of the 
stalk throughout which the rate of change of solids by intemodes is not excessive. 
Ob%iously, we cannot consider that portion of the stalk immediately below the top, 
until about the twentieth joint. It is not, furthermore, practicable to go much 
beyond this point under our conditions since the tracing of stalks imbedded in 
trash and overlain wdth other stalks is difficult. On the other hand, if we choose lo 
use the base of the stalk as a point of reference, the number of intemodes to be 
counted must be as small as possible for the same reason and yet great enough to 
overstep the point of maximum solids found in the longer, more mature stalks. 
Arbitrarily, we have chosen the tenth intemode from the base and the twentieth 
from the top for the comparisons of the following table, the averages being 
obtained without respect to the stalk length. Stalks of less tlian 32 internodes 
have been excluded. 
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Fig. 3 


TABLE V 


Oompailsons of tbe Solids of the Twentieth Ihtemodes ffom the Top and the Tenth from 
the Bottom of the Stalk With the Average Solids of AU Intemodes 





Solids 

Biff.: Average to 

Average 

Solids All Intemodes 

20th 

10th 



Group 

Average 

No. Averaged 

Internode 

Intel node 

20th 

10th 




from Top 

from Bottom 

Internodc 

Intel node 

14.0 to 15.8 

13.05 

32 

14.89 

16.11 

+0.16 

—1.06 

16.0 to 17.8 

16.91 

51 

17.02 

17.87 

—^.11 

—0.96 

18.0 to 10.8 

18.69 

48 

18.81 

19.52 

-^.12 

—0.83 

20.0 to 21.8 

20.66 

12 

20.73 

21.42 

—0.07 

—0.76 


The over-all range in the variation of the average differences is practically the 
same in both cases. There appears to be no clear advantage from these data in the 
use of one or the other point of sampling or presumably of any other point, con- 
sistently followed between those spedfied. In order to avoid the possibility of the 
samplers taking borings near the top, it was decided to limit our work to the tenth 
inteniode from the bottom. 

Variation of Solids Within Internudes 

In order to determine the variation of juice solids within the tenth inteniode 
from the Ixittom, data were collected on five equally spaced points of sampling. 
A boring was taken at each node and three borings equally spaced between the 
nodes. The summarized data are as follows : 
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TABLE VI 

Variation of Solids Within Internodea 


Gioup Aveiaged 

Xu. Aveiag^d rpper Xude 

2 


4 

Lowim X(kU 

14.0—15.0 

V> 

15.5S 

lo.2>} 

1115 

15.40 

lo.9S 

16.0-17,9 

19 

16.07 

17.16 

17.97 

17.20 

16.b9 

lb.0-10.9 

27 1S.41 

19.21 

19.l»8 

19.04 

1S.39 

20.0— 21.9 

14 

19.70 

20.74 

20.S1 

20,07 

1,9.09 

All 

73 

17.71 

lS.2o 

1«.17 

1123 

17.SS 


In all cabcs except the lowest group \\here the opposite is true, the nodes \ielded 
appreciably lower solids than the points in the intemode. Tiie three points sam- 
pled in the intemode show a variation close enough to lie disregarded in work of 
this nature. 

AIetiiud ok Svmplixg: Extirely Through the Stalk or Part Way 

Inasmuch as the diameter of cane stalks var}% the question arose as to whether 
the data might be appreciably influenced Iw boring entirely through the stalk as 
against boring only to the depth of the “gun” tip as ordinarily used. The collected 
data on this point folloiv, the comparative borings lieing taken from the same in- 
temode, 

TABLE VII 

Boring Tlirongli the Stalk Compared With Boring Part Way as Affected by Stalk 
Olrcnniference 

iSolitls of Rumples Taken 


(inmp Aioiagidt 

Average Xu. 

Oircnmfci eni e A vei aged 

Tliruugh Rtalk 

To 

Depth of Tip 

Difference 

2.0— 2.9 

2.6 

5 

21.76 

21.74 

9.02 

3.0-3.9 

3.5 

20 

1192 

1193 

—9.01 

4.u-^.y 

4.2 27 

1S.43 

1131 

0.12 


Xo differences large enough to be of influence in this method of sampling are 
to l)e noted. 


Deterioilvtiox of Samples 

Ah a necessan’ step in the development of our technique, studies were attempted 
on the keeping qualities of the liurings. In the first series of data (Table VITI), 
three borings were taken per intemode, solids being determined from one boring 
immediately, one after 12 hours in the laboratory and the third after 24 hours. 
Each boring was kept in its individual rial, which was closed \rith the cork lined 
screw top provided. In the second series, two samjdes only were taken from each 
intemode concerned, the comparisons being then betw'een a control and 12 hours 
in the laboratoi}-, and a control and 24 hours in the lahoratoiy. 

* Based on solids of mid-point or Xo. 8 above. 

t (Ircmnferenee in inehes. 
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TABLE Vni 

Effect of Delays on Determination of Solids 





Solidb 

Solids 

Solids 



No. Aveiaged 

at Sampling 

12 Houis Latei 

24 Homs Later 

First Series . 

. . . 

42 

18.62 

18.50 

18.69 

Second Series 

(a). 

99 

18.27 

1S.12 



(I>) 

. . too 

19.37 

.... 

19.36 


A more detailed study of the data than is shown in Table VIII indicates a 
tendency for the solids to decrease slightly in 12 hours follow^ed by slight increase. 
In any event the differences are small enough to be negligible in this w'ork. 

Data on the deterioration of the juices v^hen the borings W’ere collected in 
niunbers and the juice expressed in one operation, follow’ the outline given above. 
The averages of 10 comparative tests are reported below: 

TABLE IX 

Deterioration of Juices from Borings 

At Sampling 12 Houib Later 24 Homs Latci 

Solids 17.89 17,19 17.23 

Pol*u 14.88 14.fi0 14.42 

Pniity 85.37 84.98 83.69 

The steady decrease in polarization and purit\ is at once apparent. The purity 
drop after 24 hours is almost 2 points, which is certainly excessive. 

Attempts at using preservatives, including formalin, toluol, ammonium 
Indroxide and ethyl ether w’ere imsatisfactor>’. The use of refrigeration w’as 
effective, how'ever, as is shown in Table X, w’hich gives the average of 12 tests. 

TABLE X 

Bffect of Befrigeration on Deterioration of Juices from Borings 


Control — Befrigeration — 

At Sampling 24 Hours Latoi 24 Homs Later 

Brix 17.18 17.03 17.27 

PoPn 14.47 14.03 14.37 

Purity 84.23 82.30 84.37 


Wlienever necessary to delay the analyses of tlie samples in our work, these 
were placed on ice immediately on arrival at the laborator}'. 

CoMP\Risox OF Solids Determined from Averages of Analyses of Individl’AL 
Borings and from Numbers of Borings Expressed in One OpER.mox 

The amount of laboratory work demanded to obtain the solids of large numbers 
of individual borings led us to express the juice from a hundred or more borings 
in the screw press and to analyze this juice for solids and polarization. In order 
to compare the data obtained from these two procedures, tw’-o borings were taken 
from each intemode sampled, one of these being placed in a glass vial and the 
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other being dropped into a tin box, into which all ^uch borings from a given field 
location were placed. The summarized data on this point are given lielow : 

TABLE XI 

Oompailson of SoUdfl Determined from Indlvldaal Analyses of Borings and ffom 

Stressed Juice 


fc>oluls by RL‘fraetometi»r 


Roh.lv— 


Average of 



Gioups Aveia([e.\" 

Xo, pel Gump 

Inili^ ulual Analyses 

Expressed Juice 

Diiterem e 

17.(1— ir.}i 

.■> 

17.51 

17.57 

—4), III) 

1S.I1— ib.9 

11 

lR.o<i 

18.70 

—0.12 

1 P.0—19.0 


19.41 

19.67 

—0.26 

— ^2.1.9 

1 

2n.2:i 

20.17 

-1-0.06 

All 

22 

is.do 

18.73 

—0.1.1 


Considering the variations found In pre-han’-est data, the difference 1)etween 
these two procedures is negligible though the solids of the expressed juices evi- 
dently run slightly higher, as a rule, than the average of individual analyses The 
saving in time and labor by expressing the juice from a large number of borings 
at one time as against the ohserv^ation of hundreds of indiridual samples, is obrious. 

Pl’rity of Juices from Borings Compared With Crusher Juice 

At this point, it may he well to summarize our data comparing the purity of 
the juices expressed from the borings taken with the sampling gun and the purity 
of crusher juice. Fields immediately previous to harv'est were sampled by travel- 
ling across the areas according to a designated direction previously indicated on 
the field maps and taking a boring at the tenth inteniode from the l^ase, the stalks 
l>einc selected at random, about even- 15 feet. With such data \ve give the 
w^eighted average crusher juice purih’ at har\’est. 


TABLE XIT 

Purity of ‘ 'Befractometer* * Juices Oompared With Average Orusher Juices by Plelds 


Ihirity Groups 

Based on C*i usher Juice 

Xo. of Fields 

<*i usher 

Purity of Juices 
Hefraetometer 

Diffeieneo 

S2.0— 82.9 

2 

82.79 

90.03 

7.24 

83.0— S3.9 

3 

8:->,70 

90.35 

6.85 

S4,0— 84.9 

5 

84.43 

91.31 

6.88 

sr».o— b5,9 

5 

85.57 

92.09 

6.52 

s«.0— 86,9 

8 

86..51 

92.31 

5.S0 

87.<V- S7.9 

5 

87.38 

91.96 

4.5S 

88.11—88,9 

9 

88,44 

92.29 

3.83 

89.6—89.9 

1 

89J13 

93.39 

4.06 

An 

38 

86.34 

91.87 



Biisecl OB averages of individual' * analyses. 
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The puriticb of the juiceb from the pre-harve-atecl samplcb are relatively iiibensi- 
ble to wide differences in the purities of crusher juices and are eridentlv of little 
\’alue in estimating crusher j'uice purities. For this work, then, we will confine our- 
selves to a consideration of solids only. 


Solids of the Tenth Intern(»de Compared With Sample Mill Juices of 
S vME Stvlks; and With Crusher Juices from Experiment Plots 

The first step in attempting to apply this method of sampling to practical use 
was to compare the solids of the tenth joint with the Brix of our sample mill 
juice. The work was done on samples of five stalks each, each stalk being sampled 
for the refractometer at the tenth intemode from the base and the same stalks 
then being crushed in the sample mill. Experiment plots were also sampled im- 
mediately previous to harv^est, 25 borings per watercourse plot, and this compared 
with the crusher juice samples taken for each plot. 


TABLE Xin 

OomparLaon of Solids — "Befractometer** SampllDg With Sample Mill and With Oiusher 

Juices 


Solids Groups — 

Based on Befraetometer and Sample Mill Kef i actometer and Ui uali'*! 


Bef lactometer 

No. 

Kef. Solids 

Brix 

Biir. 

No. 

Ref. Solids 

Biix 

Biff. 

12.0—12.9 

6 

12.31 

13.27 

—0.96 





13.0—13.0 

8 

13.36 

14.00 

—0.44 

1 

13,84 

15.13 

— i.20 

14.0— 14.0 

21 

14.36 

14.67 

—0.08 


14.82 

13.24 

—0.42 

15.0—13.9 

27 

15.30 

15.79 

—0.29 

2 

13.32 

15.03 

+0.27 

16.0—10.9 

83 

16.33 

16.33 

4-0.20 

7 

16.56 

16.S5 

— 1L29 

17.0—17.9 

30 

17.46 

17.11 

+0.35 

15 

17.61 

17.43 

+0.18 

18.0— 1S.9 

IS 

18.53 

17.77 

+0.78 

19 

18.43 

1S.20 

+0.23 

19.0—19.9 

7 

19.55 

18.81 

4-0.74 

13 

19.42 

1S.83 

+0.57 

20.0—20.9 

6 

20.36 

19.70 

+0.66 

7 

20.27 

19.(6» 

+1.18 

21.0—21.9 

3 

21.41 

19.97 

+1.44 

1 

21.16 

20,00 

+1.11* 


Apparentlj' a tendency is present for the refractometer solids of the samples 
to be lower than the Brix of the sample mill juices and of the crusher juices be- 
low 16 per cent solids ; and to be higher above this. The data are not adei^uate 
enough and fluctuate too widely to allow a generalization which can be applied to 
practical work with any assurance. Rather than attempt to accumulate further 
data on this point, we proceeded directly to the pre-harvest sampling of fields and 
to the comparisons between pre-harvest juice and crusher juice analyses by fields. 


Pre-Harv'est Sampling With Refractometer and Sample Mill Compared 

During the crops of 1928 and 1929, a total of 88 fields were sampled, both for 
the refractometer and for tlie sample milL A comparison between the two methods 
of sampling, according to the established procedure in each case, is thus afforded : 
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TABI.E Xjy 

Oomparlson of Cmaher Juice Brlz and Pre-IiarYest Solids 


Oiuups 


Based i»n 

Xo. of 


Hohds 


Different, e : 

I’rushei to: 

Oinsbor Juki* 

Fields. 

Cl usliei 

Sample Mill 

Refiactomcter 

Sample Mill 

Befiactometer 

Id.WO 

2 

16 90 

18.23 

17.15 

—133 

—0.25 

17.00—17.49 

8 

17.30 

17.96 

17.31 

—0.66 

— 0.21 

17.50—17.99 

13 

17.74: 

17.93 

13.00 

—0.24 

—0.26 

IS.OO— 49 

14 

18 34 

18 66 

18.54 

—0.32 

— 0.20 


15 

18.77 

18.87 

19.03 

—0.10 

—0.26 

19.00—19.49 

21 

19.26 

18.93 

19.25 

-1-0.33 

-ho.oi 

19,51»— 19.99 

13 

19.67 

19.28 

■ 19.41 

-hO.39 

-1-0.26 

20 00 — ^20.49 

2 

20.04 

19.68 

20.03 

-t-0.36 

4-o.ul 




Group Averages 



U5.50— 1S.99 

52 

1S.10 

18.4:3 

13.34 

—0.33 ±0.48 

—0.24 ±0.39 

19.00—20.49 

36 

19.45 

19.09 

19.36 

-f 0.36 ±0,43 

+0.10 ±0.37 

AU 

S3 

18.65 

18.70 

18.75 

—0.05 ±0.52 

—0.10 =0.41 


There is apparently a break at about 19 Brix, below this point the pre-hai^'est 
solids in l)oth methods being higher than the crusher ; and above, lower than the 
crusher. The averages of these two large groups of data are showm in Table XIV, 
The proliable errors of the mean differences are appreciably greater than the dif- 
ferences themselves, indicating that they are of no significance. The considerable 
fluctuation of the data is, by this means, also apparent. 

It was originally intended to estimate the puritj of crusher juice by referring 
the solids determined by refractometer, to the Brix-purity curve for crusher juice. 
Since the Brix-purity relationship varies with the season of harvest, a detailed 
application of the method might have I'leen elaliorated. It is obvious, however, 
that fluctuations so large as to show a probable error of about zhO.4, preclude such 
a study. It will be of some value, however, to compare the pre-harvest procedures 
on the Ijasis of purity, estimating the crusher juice purity, m the case of the work 
witli the refractometer, by reference to the general Brix-puritj” relationship of 
crusher juice as given by our data of the crops of 1924 to 1928, inclusive. 

TABLE XT 


Brix-Piulty Betatlonahlp of Omslier Juice 


Biix Bongo 

Xo. Samples 

Bnx 

Vi)Vn 

Purity 

14.0—14.4 

33 

14.22 

11.44 

80.45 

14.5—14.9 

72 

14.74 

11.95 

81.07 

15.0—13.4 

231 

13.24 

12.46 

81.76 

13.5—13.9 

469 

15.73 

13.07 

83.09 

16.0—16.4 

1068 

16.23 

13.58 

83.67 

16,5—16,9 

1770 

16.71 

14.09 

84.32 

17.0—17.4 

2583 

17.21 

14.63 

85.30 

17.5—17.9 

3253 

17.70 

15 lu 

85.76 

18.0—18.4 

3611 

18.20 

15.71 

86.32 

18.5—18.9 

3621 

18.70 

16.23 

86.79 

19.0—19.4 

2923 

19.19 

16.70 

87.03 

19.5—19.9 

1030 

19.67 

17.17 

87.29 

20.0—20.4 

943 

20.17 

17.5S 

87.10 

20,5—20.9 

326 

20.64 

17.98 

87,11 

21.0— S1.4 

112 

21.17 

18.42 

87.01 

21.5—21.9 

35 

2L60 

18.71 

86.62 
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Interpreting the pre-har\'est refractonieter solids of the 88 fields previously 
considered, we obtain the following purity data : 

TABLE XVI 

OompaiiBon of OrnSber Juice and Pre-harvest Purities 


Purity Giuups Puiity Differences — Ciushei to: 


Ba&cd on 
(.^rusher Juico 

No. of 
Fields 

Cmsher 

Sample 

Mill 

Kefiacto- 

meter 

Sample Mill 

Eofraetomctoi 

Collected 
Sample Mill 

82.0-^2.9 

3 

82.85 

85.76 

86.44 

—2.91 

—3.59 

+0,06 

83.0—83.9 

3 

83.70 

88.28 

86.91 

—4.38 

—3.21 

—1.61 

84.0-84.9 

6 

84.46 

88.49 

86.82 

—4.03 

—2.36 

—1.06 

85.0 — 83.9 

11 

83.53 

89.61 

86.16 

—4.08 

—0.63 

—1.11 

86.0—86.9 

24 

86.49 

89.31 

86.45 

—2.82 

+0.04 

+0.15 

87.0—87.9 

20 

87,40 

90.00 

86.60 

—2.60 

+0.80 

+0.37 

88.0—88.9 

19 

88.43 

90.77 

86.98 

—2.32 

+1.47 

+0,63 

89.0—89.9 

2 

89.50 

92.61 

87.16 

—3.11 

+2.34 

—0.14 

Averugea 

88 

86.71 

89.68 

86.22 

—2.97 ±0.84 

+0.49 ±1.06 



As practically all of the estimated “refractonieter” purities lie between 86 and 
87 irrespective of the purity of crusher juice, this procedure is obviously of little 
value in pre-harvest estimates of crusher juice purities. The difference of 2.97 
between the purities of the sample mill and of the cnisher juices is significant as 
shown by the probable error. Applying this difference as a correction, the data of 
the sample mill still remains far from accurate. 

The probable errors of the differences between the Brix of crusher juice and 
the Brix of sample mill juice as compared with refractometer solids of Table XIV 
indicate that the refractometer procedure is not inferior to the sample mill in so 
far as the estimation of the Brix of crusher juice is concerned. Inasmuch as the 
Brix of crusher juice is in general correlated with the purity of crusher juice, the 
determinatiou of the total solids of pre-harvest samples by the refractometer offers 
one method of following the ripening of cane. Some tj-pical examples of the use 
of this procedure in comparison with the use of the sample mill follow: 



Fre>haryest Sampling by Befractometex and Sample Kill Compared 
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It is, of course, desirable to obtain some idea of the relative purity in pre- 
harvest sampling. If, however, the purity data are not desired, this procedure be- 
comes considerably less expensive. Furthermore, inexpensive pycnometers may be 
used in place of the refractometer, expressing the juice from one or two hundred 
sample lots in one operation. 


Frequexcy Data 

As a part of this work, it was desired to obtain fairly comprehensive data on 
the solids characteristics of the stalk population of fields approaching maturity in 
order to gain some idea of the problem involved in the pre-harvest sampling of 
cane. Such data should afford some foundation for further work on the develop- 
ment of pre-harvest sampling technique. 

In Table XVIII. the sampling data from over 22,000 individual stalks are 
assembled. These data were available from the sampling of the fields of the 1929 
crop through the month of March, The averages are given according to the 
months of harvest and of sampling. The data of individual fields falling either 
above or below the group average by one or two classes have been adjusted by 
moving the frequent^ data up or do\ra one or two classes. Thus, if the group 
average fell into the 17.0 to 17.9 class and the field in question showed an average 
falling into this same dass, the data were used without modification. If. how- 
ever, the fidd average fell into the next lower class or 16.0 to 16.9 solids, then 
the entire frequency of that field was moved up one class for the smnmary. This 
procedure adjusts the data to a distribution about the group mean hut does not 
destroy the relative shape of the curve. 






Frequency Data In Per Cent by Mentha of Sampling and of Harveat— Solida of the Tenth Intemode hy Beftactometcr 
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A surprisingly large variation in the solids of individual stalks at the tenth 
intemode from the base is evident (Fig. 4; and offers some explanation for the 
difficulties encountered in obtaining accurate pre-harvest samples. For this leason. 
too, we rely on the trend of our sampling data from month to month rather than 
accept the data as they stand at any one sampling 
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This variation is also show n in a small test on the variation between adjacent 
stools in plant cane about a year old. (Table XIX.) The stalks were sampled at 
the tenth intemode consecutivel} in line. The variations Ijetween the stools are so 
preat as to render the u«e of this sampling procedure in variety work of doubtful 
application under local conditions. 


SUMM \RY 

1. A pre-harvest sampling technique involving the use of the refractometer 
has been attempted. 

2. This technique has l)een compared w’ith the usual sample mill procedure in 
field trials. For the estimation of crusher juice Brix. the refractometer method of 
sampling is not inferior to that of the sample mill. The method is not applicable 
to the estimation of crusher juice purity. 

3. The progress of cane ripening can be followed in a general w&y through 
pre-harvest sampling for the determination of solids only. 

4. Frequency curves indicate a great variation in the total solids of the stalk 
population of fields approaching maturity. This is true also of individual stools 
in plant cane about a year old. 
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Pollen Studies II 

Germination of Sugar Ceine Pollen in Culture Media 


D. M. ^^"ELLER 

In 1926, there appeared in The Hazeamn Planicrs* Record (4) a paper entitled 
‘‘Progress Report of Sugar Cane Pollen Studies.” In that paper was given a 
quantitative method of germinating sugar cane pollen by limiting the factors coii- 
cUicive to pollen germination to tw^o factors, viz., relative humidity and temperature* 
A brief review was also given there of the methods used by different investigator^ 
from different parts of the sugar cane world whereby the determining of viability 
of sugar cane pollen had been attempted. It is apparent from that review that, 
in the minds of these investigators, the criterion of \dability was the actual forma- 
tion of pollen tubes by the pollen grains. Also tlie desirability of securing quan- 
titative data was suggested. 

A statement occurs there to the effect that trials at this Station in recent years 
to germinate cane pollen in culture media were unsuccessful. With the thought 
that it would be interesting to know just what these trials were, a careful search 
of the project files of this Station was made- Two reports were found, the first 
one by Dr. L. O. Kunkel and the second one by C. C. Bamtun. 

Review of Attempts to Germinate Sugar Cane Pollen at This St\tion 

The following is taken from the Monthly Letter of this Experiment Station for 
the period from November, 1922, to Januaiy% 1923: 

Sugur t*sme pollen differs from th-it of mnny plants in that it will not germinate on 
aitideiul media. Dr. Kunkel repoits experiments as follows: 

During the past month, an effort was made to germinate i»olleii grains of sugar cane 
ill uitifieial media. Fresh pollen of the varieties D 1385 and H 109 was dusted into plates 
containing the following media: nutrient agar, dextrose agar, cane sugar agar, potato 
agar, bean agar, oat agar, synthetic agar, Biejerinek agar and water agar. The test 
was repeated several different times, but in no tase did a single grain germinate. With 
the exception of synthetic agar, the pollen remained plump and in apparently good 
condition on all of the different media. Unsuccessful germination tests were also made 
in hanging drox>s of water, and in 2 per cent sugar solution. Germinations were, how- 
e\er, obtained by dusting fresh pollen onto stigmas of sugar cane and papaya. Because 
of the large size and smooth 8urfaee<i they possess, papaya stigmas are especially well 
huitud for germinating cane pollen. Some germinating grains wei'c scraped from papaya 
btiguias and placed in iodine solurion in iR^miauent mounts. 

A considerable quantity of D 1185 pollen was collected from day to day and brushed 
(‘uto the stigmas of Uba, growing at the Pedvral Experiment Station. It is hoped 
that this will give lise to D 1185-Uba wcdlings. Anthers of Uba, so far ns examined, 
do not produce fertile pollen. The ovanes seem to be normal. 

In the Monthly Letter for December, 1924, H. Atherton Lee writes as follows : 

The best tests of the viability of pollen are the actual formation of pollen germ tubes, 
and such germination was secured fairly uniformly on Petri dishes in which drops of 5 



jier cent glucose 'iclutiou wore Germination did not take place in the diops of 

the glucose solnttoii. hut in the condensed moisture on the plates between the drops. 

Under date of ifarch 20, 1926, ilr. Bamum reports the results of his trials 
to germinate cane pollen on agar plates. These trials were made during November 
and December of 1924, and are the trials mentioned above by Mr. Lee. 

Air. Bamum says in his report : 

An attempt to geimiuate the pollen in Petri dishes on the surfaces of various eoncen- 
nations of agar pioved unsuccessful. The pollen grains usually remained turgid and of 
normal size duiing periods of three to six or more days on all sterile poured plates of 
agar. Xo geimination was noted. The platcb nero maintained at room temperature and 
<lie cc nc entrations of the agar jellv TNeie as follows: agar and water only in the fol- 
lowing iieiceutages: l.aO, 2.00, 3.00, 4.00 and 5.00 per cent; nutrient agar of 30 per cent, 
I lid nutrient agar, 3.00 per cent plus 2.00 per cent sucrose. For these geimination studies 
on agar both H lOfl and B 1135 tassels wore shaken over separate plates at 6, 7, 8, 9 A. AI. 
on Xovember 8, November 9, and Xovembei 11, 1924. The tassels used for this study weie 
kept in sulphuious add solutioub in the new greenhouse. 

A little further on in Air. Bamum b report occurs a record of attempts to 
germinate cane pollen in vaiydng concentrations of sugar solutions He writes: 

An attemiit to germinate pollen grains on microscope slides on which thick cane 
Fug.ir syrup had been partially dried in separate drops was attempted. Pollen was dusted 
(»vcr such slides and they were then placed in moist chambers. Pollen taken at 11:30 
A. M. Xovember 18, failed to geimiuate biith on the pbite surface and in the syrup. 
Further studies were made using sucrose and dextrose syrups separately. Xegative results 
were obtained in caue sugar or sucrose, but slight germination was noted m dextrose. 

At this point, no explanation of the failures contained in these two reports 
will be attempted but a comment upon them will be offered further on. 

Purpose of the Present Stuthes 

It ib the practice in the cane-breeding work in Hawaii to bring together male 
and female tassels by placing them with their cut ends in vessels of sulphurous 
acid. It is desirous to know in this work: (1) what effect different concentra- 
tions of sulphurous and other acids (including the ones now used as common 
practice) liave on the percentage of viability of pollen produced by tassels so 
treated, (2) how the percentage of viability of pollen from cut tassels compares 
with that of pollen from growing tassels on successive days after their initial 
])ollen shed (the cut tassels to be cut on the day of their first flowering ), (3) how 
long pollen grains remain viable after being shed, 1 4) how effective methods for 
preserving pollen in viable form (so that earl^^ flow-ering ^^rietics may be crossed 
with late flowering varieties) may be in case such methods are developed, and 
(5) how the percentages of viability of the different varieties used compare. 

Only a standardized method of germinating cane pollen can answer diese qiies- 
Itons. 

The purpose of these studies was, therefore, to standardize a method for the 
securing of quantitative data in regard to the above five points. 
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Methods and Materials 

In 1927. Dutt and Ayi-ar (3) reported the obtaining of high percentages of 
germination of pollen from a great number of cane varieties. This method con- 
sisted of using a culture medium of 26 per cent sucrose plus 0.7 per cent agar as 
"hanging drops” in culture slides. A thin layer of the medium was spread on a 
Loverslip and dusted unth pollen. This coverslip ivas then inverted and sealed 
with vaseline over the cavity in the culture slide. Drops of the medium were 
placed in the bottom of the cavity of the hollow ground slide to prevent drying 
of die medium on the coverslip. Later the percentage of germination of the pollen 
was deteniiined by examining these coverslips under the microscope. 

This method of Dutt and Ayyar was tried using a number of media because 
it was sumiised tliat under conditions which prevail in Hawaii and iinth pollen 
from the Hawaiian varieties of cane a higher or lower concentration of sugar 
or agar in the medium might be necessary for successful germination, or that 
different concentrations might be required for pollen from different varieties of 
cane. The contents of these media are shown in Table I : 

TABLE I 


Medium 

Agar 

Ruero«»c 

Water 

Agar 

Sucrose 

Xo. 

Grams 

Grams 

Ml 



1 

0.17 

24 

100 

1 

141.1 

o 

0.35 

25 

100 

1 

71.4 

3 

0.70 

26 

100 

1 

37.1 

4 

1.00 

27 

100 

1 

27.0 

,■) 

1.30 

2& 

100 

1 

21.5 

<i 

1.70 

29 

100 

1 

17.0 

7 

2.00 

30 

100 

1 

15.0 


Commercial granulated sugar, “Difco” Standardized, a Bacto-agar made by 
the Digestive Ferment Company of Detroit, Michigan, and distilled water were 
used in making up these media. 

Except where stated to the contrary, the pollen used in these tests was taken 
from tassels which had been cut the previous day and kept over night with tlieir 
cut ends in an approximate 0.03 per cent solution of sulphurous add. In order 
to minimize the influence of I’ariation of pollen from single tassels, three tassels 
of the same i-ariety were used at a time so that the pollen used in the tests was 
a composite sample rather than pollen from a single tassel. Only tassels cut the 
previous day were used because it has been shown that the percentage of viable 
pollen from tassels kept in sulphurous acid decreases very rapidly after the tasseL 
ate ait f4). 

Results 

Using the above methods and materials ten preliminary tests ivere made with 
tlie results shorni in Table 11 : 
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Table II 

Showing tlie percentages of gennination of pollen from several varieties of cane 
(jbtained with different media (showm in Table I) in hanging drops in culture slides 
at room temperature. 


Medium 

U.H. 

D 

u . s . 

R . W . 

2 S 

20 S 

Maka- 

26 Q 

H- 

D 

Xo. 

416d 

1135 

4103 ni 

(21 

4J63 (2) 

16 (2) 

■weli 3 

2079 

27 <21 

1135 

1 

0.0 

0.0 

0.0 

0.0 

3.7 

0.0 

10.0 

0.0 

0.0 

0.0 

2 

d .2 

0.0 

l-l 

p 

Li 

0.0 

0.0 

0.0 

5.0 

0.0 

4 i 

0.0 

3 

0.0 

(KO 

0.0 

0.0 

0.9 

0.0 

0.0 

0.0 

0.0 

0.0 

4 

0.0 

0.0 

0.0 

0.0 

7.5 

00 

0.0 

0.0 

0.0 

0.0 

u 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

U.O 

6 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


nj Tabselfl eut two days piioviously. 

Pollen taken fiom tassels on the same day they were cnt. 




‘ h 


M Ht 


RH aax 





Pig. 1. Showing vials on which are sealed cover glasses with hanging drops of enltnie 
media on them. The xelative humidltieB of the air surrounding these drops of culture media 
are controlled by solutions of sulphuric acid of different eoncentrations in the vials. Rueh 
boards holding the vials were substituted for the shelves of constant tempeiatuie ovens opeiat- 
ing at different temperatures. 
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These data seemed to indicate that medium No. 2 held greater possibilities than 
the others and was, therefore, after several more i)reliminary tests recorded below, 
used in future experiments. 

Method Using Sulphuric Acid Soltttions in Se vled Chambers to Control 

Relative Humidity 

In the next test, all of the media of Table I were used and the factor of rela- 
tive humidity was introduced. Vials witli ground tops were partly filled with 
different concentrations of sulphuric acid. Drops of agar were placed on cover- 
slips and dusted with pollen. These coverslips were then inverted and sealed with 
vaseline on the vials containing the sulphuric acid solutions In each sealed cham- 
her the air over the sulphuric acid solutions had a constant relative humidity 
dependent upon the concentration of the sulphuric acid solution in that vial and 
the temperature at which it was maintained (5). (See Fig. 1.) Coverslips with- 
out drops of agar w^ere also used, the pollen simply being caught on the dry glass 
and treated in the same way as those which had drops of agar on them. These 
are called “controls.** 

The sulphuric acid solutions Avere of such concentrations that the relative 
humidities of the air in the sealed chanilxjrs above them were 100, 98, 96, 94, 92 
and 90 per cent. 

This method was used with pollen from the variety H 27 wdth the results shown 
in Table III: 


Table III 

Showing percentages of gemiinalion olitained with H 27 pollen in the media 
‘hown in Table I witli the constant relative humidity indicated and at room tem- 
perature. 


iMedium 


Rolntive 

Ilnmidity 


No. 

100% 


00% 

94% 

1 

0.0 

0.0 

0.0 

0.0 

2 

U.l 

40 

.l.S 

3.8 


0.0 

1.2 

4.0 

0.3 

4 

0.0 

0.0 

0.0 

0.0 

5 

0.0 

0.0 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 

r 

0.0 

0.0 

0.0 

0.0 

Control 

0.8 

0.0 

0.0 

0.0 


Here, again, mediiun No. 2 gave the highest per cent of genniuation (5.8 per 
cent) and, at this temperature, 96 per cent was the optimum relative hiunidity. 
The percentage of germination in the culture media significantly exceeded that of 
the controls. 

In the next test, the factor of relative humidity was kejrt in operation, and the 
factors of temperature and pH values of the media were introduced. This test 
was run with vials containing sidphuric acid as described in the preceding one. 
Because the work of 1925 (4) indicated that 22.0® C. was the optimum tempera- 
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hire, the vials were placed in an incubator at that temperature. Medium No. 2 
was used and the pH values were adjusted to 5.2, 5.4, 6.2, 6.9 and 7.7. Relative 
humidities of 100, 98, 96 and 94 per cent were maintained as before. Controls 
were also run. Pollen from the variety H 456 was used. The result of this test 
was that not a single germination occurred. Two controls for each humidity also 
showed negative germination. We are at a loss for an explanation of this negative 
germination (unless it were tassel variation) for tests with pollen from this variety 
later on in the season at 20.0° C., and 23.0° C. resulted in germinations as high 
as 5.5 and 8.8 per cent respectively. 

This test was repeated using again pollen from H 456 with both medium No. 
2 and medium No. 3, but at 24.5° C. These results are shown in Table IV : 




gndns of tlie tariety U 456 germinatlog at a relative himuditT 
a pH value of 6.2^ and at C, (A), at 25.5® C. .(B), 
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Table IV 


Showing the percentages of germination of H 456 pollen on media No. 2 tM2) 
and No. 3 (M3) at 24.5° C. and at the pH values and the relative humidities 
indicated. 

Relative Humidity 



100% 



98% 

96% 


94% 

pH 

M 2 

M 3 

M 2 

M 3 

U 2 M3 

M 2 

M 3 

4.7 (U 

0.0 

O.o 

0.4 

1.2 

0.0 3.6 

0.0 

2.2 

5.2 

3.3 

0.0 

3,9 

1.7 

5.5 4.8 

5.4 

2.8 

5.S 

1.2 

0.9 

2.9 

0.9 

2.6 2.1 

1.1 

1.5 

6.1 

3.0 

0.0 

1.7 

0.6 

2.4 0.0 

2.8 

0.4 

0.4 (2) 

2.9 

2.S 

1.5 

0.0 

1.2 0.0 

3.7 

0.0 

Control (J*') 

0.3 



0.9 

0.0 


0.0 

(1) This pH for medium No. 

3 WAS 4.5. 





(2) This pH for medium No. 3 was 6.5. 

(Sj Average of 4 vials for eaeh relative humidity. 



Pig. 3. Sliowing germinating pollen grains of the variety D 1135 just before the thin- 
walled swellings at their distal ends ruptured. A took place at room temperature in the bot- 
tom of a Petri dish, in the cover of which were placed five drops of water on small bits of 
filter paper. B took place in a sealed vial of sulphnrio acjd solution at a relative humidity of 
96 per cent and at a temperature of 22.0® C. xl40. 


From these data it is seen that at the temperature of this test (24.5° C.) as 
high as 5.5 per cent germination occurred. It is further seen tliat the maximum 
germinations for both media occurred at the pH value of 5,2 and at 96 per cent 
relative * humidity. Here again the maximum percentage of germination for 
medium No. 2 was greater than that for medium No. 3, being 5.5 per cent for 
mediimi No. 2 and 4.8 per cent for medium No. 3. At this temperature the tubes 
of genninating pollen grains in medium No. 2 at 96 per cent relative humidity 
and ,with a pH value of $2 were characterized by being relatively longer than 
those secured at this temperature in 1925 without culture media. (Fig, 2, C, and 
Fig. 3, A.) Frequently it happened that double. tubes develo^d from a single pollen 
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Fig. -i. Kliowiug pollen grams of the varieties TI 109 (A) and D 1133 (B and C) pio- 
dueing doulde pollen tabea. These gomiinotiona took plaei in medium Xo. 2 adjusted to a 
pH Take f»f 5.2, at a aelati\e Immidity of 96 per cent, and at a timpcrnture of 23,0® C. x70. 


j»rain or that a bii^le pollen tube branched. (Fig. 4.) These pollen grains were 
unstained and the negatives mtretoiiched. 

This test was run again at 25,5’ C. and at 27.0'' C. with the results sho™ in 
T ables V and VI : 


Table Y 

Showing the percentages of germination on media Xo. 2 and No, 3 of H 456 
pollen at 25 5' C, and at tlie pH values and relative humidities indicated. 
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Rel\tive Humidity 


lOQ^c 98'^r 94Ci 


l-H 

M 2 

M 3 

M 2 

.3 

At 2 

At 3 

At 2 

At 3 

4 7 n) 

00 

0.2 

0.0 

1.7 

0.0 

o.s 

0 8 

0.7 

.■>2 

1.2 

00 

1.7 

0.0 

34 

0.0 

0.0 

0.2 

5.S 

0 5 

0.0 

0.0 


n.rt 

1.3 

1.3 

29 

0.1 

0.0 

2.S 

2 0 

O.C 

u.s 

0.0 

0.0 

0.2 

0.4 UM 

0.0 

0.0 

0.0 

0.0 

0 2 

0.0 

0.0 

0.0 

Uuntiul • 


0.0 

0.0 


0.0 



o.n 


n» This pH fur medium Xo. 3 was 4.5. 

This i»H for medium Xo. 3 -was H5 
I A\erage rf 4 vials for each ielati\e humiditv. 

From data in Table V, it is seen that again the maximum gennination occurred 
in medium Xo 2 at a pH value of 5.2 and at 96 per cent relative humidity. This 
was 3.4 per cent while at 24.5 C. it was 5.5 per cent. The maximum for medium 
Xo 3 uas 2.9 per cent occurring at a relative hmnidity of 94 per cent and at a 
pH value of 5 8. (Fig 2, B.l 


T \BLE \T 

Showing the percentages of germination on media X"o. 2 and No. 3 of H 456 
lollen at 27.0“' C. and at the pH values and relative himiidities indicated. 

Relatixe Humidity 



KlO'f 


OS'f 





04Cr 

pH 

At 2 

M 3 

At 2 


M 3 

At 2 


At 3 

M2 At 3 

4.7 

0.0 

0.0 

0.0 


0.0 

0.0 


O.n 

0.0 0.0 

5.2 

n.s 

0.0 

0.0 


0.0 

0.0 


o.n 

0.0 

o.S 

0.0 

0.0 

0.0 


0.5 

0.0 


o.n 

0.0 

0.1 

0.0 

00 

0.3 


0.0 

0.0 


o.n 

0.0 

6.4 (2) 

0.0 

0 0 

0.0 


0.! 

0.0 


0.3 

0.0 

Control « n 

0.1 


0.0 



04 


0.0 


pH 4.5 for medium Xo. 3. 

(2) pH 6.5 for medium No. 3. 

Average of 4 vials for eaeh relative humidity. 

At this temperature the maximum per cent of germination for medium No. 2 
was 0.8 per cent occurring again at a pH value of S.2 but at 100 per cent relative 
humidity : for medium No. 3 it was 0.5 per cent occurring at 98 per cent relative 
hmnidity and at a pH value of 5.8. These percentages are not only less than those 
obtained at 24.5° C. but are also less tlian those obtained at 2S.S'' C. (Fig. 2, A.) 

The results of these three tests (Tables IV, V, VI) indicate that, for pollen 
of the variety H 456, the optimum medium is medium No. 2 (shown in Table I) ; 
that the optimimi pH value of the medium is near 52 ; that the optimum relative 
humidity is near 96 per cent, and that the percentage of germination decreased as 
the temperature was increased from 24.5° C. to 25.5° C. and 27.0° C. successively. 
Because the maximum germination under the.se conditions was but 5.5 per cent. 
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it was thought that this percentage might he increased by the action of some enzyme 
or combination of enzymes. It was planned, therefore, to try certain amyloljtic 
enzymes and later some of the proteolytic enzymes. 

Trials With Diastase 

A series of experiments wa-- next run, using medium No. 2 alone, and with 
sputmn added, at the rate of 7 ml. to 375 ml. of agar. This latter medimn was 
designated as M2S. The relative htmiidities, 100, 98, 96 and 94 per cent were 
maintained as before. The pH I'alues of the two media (M2 and M 2 S) were 
adjusted to 5.2, 5 8 and 6.1. Pollen from the varieties H 456 and D 1135 was used. 
The culture slide method described above was run along with them. 

The results of the first of these experiments are shown in Table VII : 

Table VII 

Showing the effect on the percentages of germination of H 456 pollen of 
diastase added to medium No. 2 m the form of sputum, at the indicated pH values 
and relative humidities, and at 27.0° C. 


pH 


,>.8 6.1 


R. H. 

M 2 

jM2S 

M 2 

m:2h 

2 

M2S 

Oimtrnl fl) 

lUOf/p 

0.0 

0,0 

0.0 

0.0 

0.0 

:i.2 

0.0 

98Cp 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Cult. Slds. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 


(I) Average of two rials for each hnmidity. 

There was a slight indication here of beneficial effect of the diastase action 
of the sputum, for 3.2 per cent occurred in the medium to which the sputum was 
added while in that to which none was added no germinations occurred. The data 
of Table VI also showed tliat at 27.0'’ C. the per cent of germination of tliis pollen 
was very low, viz., 0.8 per cent. 

The results of a similar test run with pollen from H 456 and from D 1135 at 
26.0" C. are shown in Table VHI. 

Table VIII 

Showing the relative percentages of germination of pollen from the r’arieties 
H 456 and D 1135 in media with and without sputum at the indicated relative 
humidities and pH values and at 26.0° C. 
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pH 


5 2 5 8 0.1 




2 


2M 

M 

2 

M 2 R 

Ar 2 

M 2 S 


IL II . 

U450 

muo 

H 45 li 

n 450 DU 35 II 456 

D 1135 

H 456 D 1135 

H 450 D 1135 

Control 

lUO^/r 

0.8 

9.0 

0.5 

0.0 

3.1 

5.4 

O.O 

0.0 

1.2 

0.0 

0.0 

12.5 

0.0 

9 S 

0.0 

2.1 

0.0 

0.2 

0.1 

0.0 

0.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

96 

0.0 

u.o 

0.0 

0.0 

0.0 

4.0 

00 

0.0 

0.0 

12.2 

0.4 

0.0 

0.0 

94 

0.0 

17.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

( ult. 

Hlds. 

0.0 

a.s 

2.5 

O.Jl 

24 

0.0 

0.4 

0.0 

3.7 

48 

2.1 

0.0 



Tri\ls With Taka-Diastase 

Ha^^ng this indication that the addition of diastase in the form of sputum to 
the medium stimulated gennination, Taka-diastase was added to medium No. 2 
after the agar was melted and ready for use, i.e., immediately before each test. 
This medium is designated as No AI2D10. The results of the first trial are sho\vn 
in Table IX : 

Table IX 

Showing the eflFect of Taka-diastase f added to medium No, 2 at the rate of 
one drop to 10 ml. of agar) on the percentages of germination of pollen of the 
variety H 456 at the relative humidities and pH values indicated and at 23.0® C. 

pH 


5.2 5.8 0.1 


U. H. 

U 2 

U 2 BIO 

M 2 

M2 BIO 

M 2 

M2 DIO 

Control 


7.5 

00 

0.0 

0.0 

0.0 

0.0 

0.0 

08^{ 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

96% 

0.0 

0.0 

8.8 

9.0 

0.7 

0.0 

0.0 

94% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Cult. Bids. 

2.7 

0.0 

0.0 

0.0 

0.0 

0.0 



It is apparent from the data contained in Table IX that fewer germinations 
occurred in the mediimi to wbicli the Taka-diastase was added. This test w-as 
repeated under the same conditions of temperature, hiunidity and pH value of 
mediimi, using pollen from the variety D 1135 with similar results. The question 
arises from the results of these two tests as to whether this inhibitive effect was 
the result of the direct action of the diastase on the pollen grains themselves, or 
was the result of the presence of dextrose into wrhich some of the sucrose was 
changed by the action of the diastase, or was simply the result of an improper 
amount of diastase. By adding a smaller amount of Taka-diastase (one drop to 
20 ml. of the agar), there were considerably more germinations in this medium 
than in the preceding test. ^Tien one drop of 10 per cent Taka-diastase was 
added to the same amount of agar, a still higher per cent of germination resulted 
but in each case so far these per cents were less than those in the medium without 
the diastase. 
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To separate test tubes, each containing 10 ml, of medium No. 2 was added 1 
drop of 2, 4, 6 and 8 per cent Taka-diastase. The^e dilutions of Taka-diastase 
were made with sterile distilled water. Pollen of the variety H 456 was used. 
The test was run in the same manner as the preceding ones with the results shorvn 
in Table X: 

Table X 

Showing the effect on the percentages of germination of H 456 pollen of the 
additions of Taka-diastase to medium No. 2 at the rate of 1 drop of 2, 4, 6 and 
8 per cent as against no diastase (M2) ; the pH value of the medium being 5.2; 
the temperature, 23.5 '' C. ; and the relative hiunidity being 100 per cent and 98 
per cent. 


B. IT. 

M 2 

2% Td (1) 

T-d 

6'r T-(l 

Td 

Coutrola (2) 

lOO^r 

0.0 

1.9 

2.8 

4.8 

n.o 

0.3 

£»8% 

n.s 

ol 

<5 7 

4..’) 

1.3 

0.0 

Cult. SldB. 

1.3 

0.0 

3.0 

1.7 

1.2 



(1) T-d=^aka-diaBtaso. 

(2) Average of 3 vials foi each kamidity. 

There is a definite indication from the data of Table X that stimulation of 
gennination resulted from additions of Taka-diastase. In every case where the 
diastase was added, there was an increased per cent of germination over that 
occurring in the medium No. 2. Furthermore, the percentages of germination in- 
creased as the per cent of diastase added increased. The failures of some and 
the inhibitive effect of others of the preceding tests with Taka-diastase may, there- 
fore, he explained on the basis of unsuitable amounts liaving lieen added. 

Trials With Raw Sugar 

It has been found by Brink (2) that higher percentages of pollen gennination 
occur on culture media made with commercial granulated sugar than on those 
made with C. P. sucrose (2, p. 292).* The explanation of this is suggested by 
the fact that certain substances, perhaps organic, present in the commercial product 
are absent in the chemically pure sucrose. It was decided, therefore, to carry this 
idea one step further in the direction of the impure sugar. Raw sugar wliich liad 
been washed once in the milling process was, therefore, used in making up a 
medium. This medium \\'as made up in the same way in every respect as medium 
Xo. 2 and is designated as SI2R, A test was made with H 4S6 pollen using this 
medium and medium No. 2, the results of which are shown in Table XL 

Table XI 

Showing the percentages of gennination of H 456 pollen obtained in a medium 
made with raw sugar (^I2R) as compared with medium No. 2 at 20° C. and at 
the rdative humidities and pH values indicated. 

Brink’s i»per available to the author at this point. 
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pH 


5.2 5.S 0.1 


R. H. 

M 2 

M2R 

M 2 

M2E 

M 2 

M2R 

Control (I'i 


n.o 

0.0 

5.5 

0,0 

1.7 

0.0 

0.0 


0.0 

0.0 

0.0 

0.(1 

0.0 

0.0 

0.0 


o.n 

0.') 

0.0 

0.0 

1.0 

0.0 

0.0 

Cult. SldH. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 



A\erage of four \ials for ea^*h liunndit\. 

It ib e\ndent from these figureb that raw sugar did not increase pollen gemiina- 
lion but definitely inhibited it. Several tests were run at higher temperatures with 
this medium but with similar re‘-ults. 

The pH \"ALt:ES of the Media Adjusted With Various Acids 

In the next test the pH values of agar were adjubted by the use of three dif- 
ferent acidb: sulphuric (M2S), phosphoric (M2Pj, and malic (M2M). Agar 
No. 2 was used. The pH values were adjusted to 5.2, 3.8 and 6.1. Pollen of the 
^'a^iety H 456 was used and the temperature was 24.0 C. The results of this test 
are shown in Table XII. 

Table XII 

Showing the effects on the percentages of gennination of H 456 pollen of agars 
haring their pH ^"alues adjusted by sulphuric, phosphoric, and malic acids to the 
indicated reactions, at the indicated relative humidities, and at 24.0'" C. 


pH 


R. H. 

M2S 

5.2 

M2P 

M2M 

AI2R 

5.8 

M2P 

M23J: 

M2S 

6.1 

M 2 P 

M2M 

Conti ul (-) 
5.8 

lOOvV 

9.0 

0.0 

0.0 

6 i > 

AO 

10.0 

0.0 

0.0 

2.5 

OS 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

06 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Cult. 

SOK 

16.6 

O.n 

0.0 

0.0 

0.0 

0.0 

10.6 

0.0 

0.0 



(-) Average of three vials for each humidity. 

It is seen from the data of Table XII that when the pH ralue of the medium 
was adjusted to S.2 with sulphuric acid the percentage of gennination was 9,5 at 
100 per cent R.H. and 16.6 in the culture slides. When the same adjustment ^vas 
made with phosphoric and malic acids no germinations resulted. \^en the pH 
value was adjusted to 5.8 with malic acid, higher percentages of genmnation were 
obtained than when this adjustment w-as made with sulphuric acid or phosphoric 
acid. A\'hen the reaction of the mediiun was adjusted to 6.1 with sulphuric acid 
and malic acid, the percentages of germination were respectively 16.6 in the 
culture slides, and 2.5 at 100 per cent relative humidity. These tests were repeated 
■smi’eral times with similar results. When the reaction of the medium was adjusted 
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to 6.1 w-ith these three acids the results were sometimes in favor of one and some- 
times in favor of another. 

Comparison of Germinaiions on Successive Days After Tassels Were Cut 

In the next three tests, a comiiarison was made of the percentages of germina- 
tion of pollen from tassels kept with their cut ends in sulphurous acid for one. two 
and three days. Six tassels of the variety H 456 were used for this purpose. The 
pollen used in these tests was a composite sample of all six tassels. The pH values 
of agar No. 2 were adjusted to 5.2, 5.8, and 6.1 with sulphuric, phosphoric and 
malic acids. Both the culture slide and the vial methods were used. For the vials 
the percentages recorded in Table XIII represent the averages of two counts. The 
relative htimidity in the vials was maintained at 100 per cent. The temperature 
was 24.0 C. The results of these three tests are shown in Table XIII. 

Table XIII 

Showing the relative iiercentages of germination of H 456 pollen on the first 
three days after the tassels were cut, composite samples of pollen from six tassels 
being used, at the pH values indicated, at the relative humidity of 100 per cent 
and in culture slides, and at 24.0° C. The pH values were adjusted by sulphuric 
acid fAKS), phosphoric acid fM2P), and malic acid (M2M). 

pH 


.>.2 3.8 6.1 

Day Dav Day 


B. H. Ut 

2na 

3rd 

3 at 2nd 

K2S 

3rd 

Ist 

Snd 

3rd 

3.0 

18.6 

0.0 

6.4 5.3 

0.0 

6.6 

2.2 

0.0 

(^ult.Rlds. 5.1 

S.2 

0.0 

0.0 8.S 

M2P 

0.0 

15.0 

6.1 

0.0 

100% 0.8 

2.2 

0.0 

2.3 6.0 

0.0 

0.0 

0.3 

0.0 

(*nlt.Slds. 2.2 

1.0 

0.0 

8.4 10.9 

M21d 

0.0 

1.6 

0.0 

0.0 

100% 1.3 

2.4 

0.0 

2.6 7.5 

0.0 

3.2 

4.2 

0.0 

Cult.SldB, 5.7 

0.0 

0.0 

0,9 11.6 

0.0 

8,4 

3.6 

0.0 


From the data of Table XIII it is seen that on the first day the highest per 
cent of germination in the vials was 6.6 and occurred in medium M2S adjusted 
to a pH value of 6.1 ; in the culture slides it was 15.0 per cent and likewise occurred 
in M2S at a pH value of 6.1. On the second day the highest per cent of germina- 
tion in the vials was 16.6 occurring in M2S at a pH value of 5.2 ; in the culture 
slides, it ivas 11.6 occurring in M2M at a pH value of 5.8. On the third day, no 
germination occurred at all. 

These results agree with those previously reported (4) , namely, that the per- 
centage of germination of pollen from cut tassels decreases rapidly on successive 
days after the tassels are cut. 

Here again at a pH value of 5J2 the highest per cent of germination occurred 
in the medium adjusted with sulphuric acid. At a pH value of 5.8 it occurred 
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in the medium adjusted wdtli malic acid and, at a pH value of 6.1, the highest per 
cent of germination occurred, in the medium adjusted ^^^th sulphuric acid. When- 
ever the pH values were adjusted with phosphoric acid the percentages of germina- 
tion have been consistently lower than when the adjustments were made with either 
sulphuric acid or malic acid. 


Temperature 

The data shown in Tables \T, VIII, V, IV, IX, and XI seem to indicate that 
temperature has a decided influence on the percentages of germination of sugar 
cane pollen. These tables show the percentages of iwllen of the varietv’ H 456 
germinating on medium No. 2 at temperatures ranging from 27.0" C. to 20.0° C. 
The maximum percentage of germination of each of these tables is shown in 
Table XIV. 

Table XIV 

Shovvmg the maximum percentage of gennination (Tables VI, VIII, V, IV, 
IX, and XI) of H 456 pollen obtained on medium No. 2 at temperatures ranging 
from 27.0° C. to 20.0° C. 


Per Cent 

Tempcratui e 

Air Tenipeiatuie at 

No. of ® C. Oven 


Germination 

of Ovtn 

Time ot Pollen Sheil 

Was Above or 

Table 


“ C. 

** C. Below Air Teniperntnre 


0.8 

27.0 

21.1 

“1-0.9 

VI 

3.1 

26.0 

23.6 

4-2.4 

Yin 

3.4 

25.5 

23.S 

+1.7 

Y 

3.5 

24.5 

23.6 

+0.9 

lY 

S.S 

23.0 

22.2 

+0.8 

IX 

5.5 

20.0 

22.7 

—2.7 

XI 


It is seen from the above table that the maximum percentage of germination 
^\’as 8.8 per cent and occurred at 23.0'' C. Previous tests without agar indicated 
that the optimum temperature was somewhere near 22.0° C. (4). It is seen further 
from Table XIV that there is a correlation between the percentage of germina- 
tion and the temperature at which the gennination occurred. However, when the 
difference between the temperature of the air at which the pollen was shed and 
the temperature at which the germination of the pollen took place is taken into 
consideration, it is seen that there exists another correlation which is equally 
tenable. 

While the minimum germination (0.8 per cent) occurred at 27.0’’ C., there 
was as much as 5.9° C. difference between the temperature of the air when the 
pollen was discharged from the anthers and the temperature at vrhich germination 
of this pollen took place in the oven. The maximum germination (8.8 per cent) 
occurred at 23.0° C. The difference between this temperature and that of tlie air 
when the pollen was shed was only 0.8° C. In other words, the maximum per- 
centage of germination occurred at the temperature differing the least from that 
of the temperature of the air when the pollen was shed and the minimum per- 
centage occurred when these two temperatures differed the most. 
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Discussion 

As to why the requirements for the germination of sugar cane pollen are so 
exacting in regard to an artificial medium, it is not easy to explain. According to 
Brink (2) : source of no little annoyance and perplexity to those who have 

attempted to cultivate pollen artificially has been the bursting of pollen and pollen 
lubes. No satisfactory explanation of this phenomenon lias as yet been brought 
forivard.” He cannot agree with Van Tieghem, Molisch, Lidforss, and others 
that the bursting of pollen grains and pollen tubes “is not related to the osmotic 
force of the surrounding medium,” and says that their conclusion “that it is not an 
unbalanced osmotic condition ... has been based on the assumption that the proto- 
plasmic surface of the pollen grain acts as a semi-penneable membrane to sugar 
solutions. There is no good evidence to show that this, in general, is the case.” 
He feels rather tliat the evidence “favors the view that it is largely an osmotic 
phenomenon” and then brings forward considerable evidence to show tliat ‘'pollen 
lubes of many .species will grow readily on sugar solutions varying widely in con- 
centration” and arrives at the conclusion that “the cell membranes of the pollen 
grain and its tube are, or become, permeable to cane sugar, and that the final result 
as far as osmotic pressure is concerned is the same as though the surrounding 
medium were water. Perhaps osmotically active substances are produced within 
the cell, bringing it into equilibrium with the particular concentrations of sugar 
without. If this were so, we should expect a well-defined optimum concentration 
of sugar for early growth, above which the pollen would plasmolyze and below 
which, if the wall could not sustain the pressure, the tubes would bunst." 

From the fact that in the media used in these tests bursting occurred in the low 
concentrations and plasmolysi.s in the high ones it would seem that plasmolysis and 
bursting were due to osmotic pressure and that the cell wall of the sugar cane pollen 
at least is semi-permeable. Anthony and Harlan found that barley pollen burst in 
low concentrations of sugar solutions and plasmolyzed in high ones (1). 

In previous tests also (4) there were indications that the pollen tube is semi- 
penneable for evidence of osmotic pressure is seen in the swelling of the pollen 
tubes (Fig. 3), whicli can hardly be explained on the basis of imbibition alone. 
It is seen further that the walls of these tubes become thinner at their distal ends 
is evidenced by the position of the swellings and final ruptures. 

iledium No. 1 was of semi-liquid consistency (sol). Medium No. 2 was 
slightly more viscous and of a consistency that might be considered either a sol 
or a jeL Medium No. 3 n-as more viscous than medium No. 2, or a semi-solid 
and continuing on through media Nos. 4, 5, 6 and 7 there was a gradation 
of increasing viscosities. 

This gradation of ^ascosities in the series of media was due principally to in- 
creased percentages of agar although it was influenced also by increased percentages 
of sugar. Being emulsoids it is seen tliat, as the disperse phase is increased in 
this series, the amount of dispersion medium in each was relatively decreased. 
This means that, beginning with medium No. 1 and continuing on through the 
series, in the last one of this series the structure of the original emulsoid was par- 
daily, if not completely, reversed and that in medium No. 1, for example, the con- 
centraiion of the sugar solution available to the pollen grain and tulie was higher 
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than the percentage indicated in Table I and that between each medium and tlie 
succeeding one there was a greater increase in sugar concentration than is indicated 
by the figures of Table L 

When using sulphuric add solutions in sealed chambers to control relative 
humidity the concentrations of the media used would either remain the same or 
change according to whether the hanging drops took up or gave off moisture as 
influenced by the relative humidity of the air surrounding them. Thus the germina- 
tion of pollen grains, if l}’ing on the surface of the mediimi, would not only be 
influenced directly by the relative humidity of the air with which they were in con- 
tact, but also it would be influenced indirectly by any resultant change in the con- 
centration of agar and sugar of the medium used; if lying beneath the surface, 
it would be influenced only indirectly. 

The fact that in medium No. 2 the maximum per cent of germination occurred 
and that the tubes of these pollen grains at the optimum temperature, humidity, 
etc., were characterized by exceptional length (Fig. 2, D) indicates that this 
medium resulted in the optimum rate of osmosis or imbibition. As the pollen tube 
developed and advan6ed through the medium, the sugar solution (dispersion 
medium) was absorbed by osmosis or imbibition. If, as in medium No. 2, let us 
suppose, this absorption rate was balanced with the rate of increasing capacity of 
the groz<}ing tube, ^Lnd if the actual amount of food so absorbed in tliis particular 
concentration of sugar solution met the requirements for groz\JtIi of the developing 
pollen tube, the maximum per cent of germination and the inaximmn tube length 
would result. This rate of absorption would not only depend upon the osmotic 
pressure due to the concentration of sugar in the dispersion medium but also the 
structure of the interlacing phases of the emuhoid would control the amount of 
the disperse phase with which the growing tube would come in contact. If, in the 
case of medium No. 1, we had a wl with concentrated droplets of the disperse 
phase scattered through the dispersion medium so that the absorption rate was 
greater than the rate of increasing capacity of the grooving tube, bursting would 
result even before a tube was actually developed by the pollen grain. If, as in 
media Nos. 4 to 7, the process of osmosis or imbibition "was reversed, plasmolysis 
resulted. 

SUMM.XRY 

From the results of the preceding experiments together with those previously 
reported, from those reported by Dutt and Ajwar, and otliers, it is evident tliat 
the germination of sugar cane pollen is dependent upon a nice balance of retro- 
reactive physical and chemical factors. 

An attempt is made in these experiments to standardize a method of germinating 
sugar cane pollen by controlling the concentration of sugar and agar in hanging 
drops of culture media, the pH value of the media, the relative humidity and the 
temperature of the air surrounding the hanging drops, and by the addition of 
enzymes to the culture media. 

Quantitative data are presented to show that, when a series of culture media 
having a gradient of viscosities due to increasing concentrations of sugar and agar 
were used, a particular medium consistently gave the maximum percentage of 
germination. These percentages consistently exceeded those of the controls. 
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An optimum relative humiditj' of 96 per cent and an optimum temperature of 
approximately 23.0° C. were demonstrated. 

WTiile there was a correlation behveen temperature and percentage of germina- 
tion there also existed a correlation between percentage of germination and the 
difference between the temperature of the air when the pollen was shed and the 
temperature at which germination occurred. 

When the pH values of the media were adjusted with sulphuric, phosphoric, and 
malic acids, better results were obtained with sulphuric acid. The optimum pH 
TOlue was approximately 5.2. 

Definite stimulation of germination was demonstrated by the addition of definite 
amounts of Taka-diastase to the culture medium. 

The percentage of germination of pollen from cut tassels decreased from 16.6 
per cent on the second day to 0.0 per cent on the third day after cutting. 


Sincere thanks are due to W. T. McGeorge, formerly of the chemistry depart- 
ment, for his painstaking adjustment of the pH values of the media used in these 
(xijeriments, and to Dr. A. J. Mangelsdorf for supplying the tassels. 
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Sugar Prices 


96° Centrifugals for the Period 
March 17 to June 13, 1930 


Dato 

Per Pound 

Per Ton 

Bemaika 

Mar. 

17, 1930.. 

3.623^ 

$72.50 

Philippines, 3.64, 3.61. 

< ( 

IS 

3.61 

72.20 

Philippines, Porto Bieos, Cubas. 

i k 

ly 

. . . 3.593 

71.90 

Philippinos, 3.58; Cubas, 3.58, 3.61. 

t k 


3.52 

70.40 

Porto Bicos. 

* t 



3.58 

71.80 

Philippines. 

f k 

•J7.. .. 

3.61 

72.20 

Porto Bicos, Philippines. 

k i 

28 

.. .. 3.655 

73.10 

Poito Bicos, 3.67, 3.64; Cubas, 3.64. 

I k 

31 

3.64 

72.80 

Porto Bicos. 

April 

1 

... . 3.595 

71.90 

Porto Bicos, 3.58, 3.61; Cubas, 3.61. 

( < 

2 

.. .. 3.623 

72.50 

Cubas, 3.61; Porto Bicos, 3.61, 3.64; PhiliiJpines, 
3.61. 

* t 

4 

. . . 3.623 

72.47 

Porto Bicos, 3.61; Philippines, 3.61; Cubas, 3.64, 
3.62. 

k t 

•I . . . . 

. ... 3.52 

70.40 

Cubas, Porto Bicos. 

4 k 

7 

3.49 

69.80 

Porto Bicos. 

t < 

S 

3.46 

69.20 

Cubas. 

4 ( 

y 

.. .. 3.433 

68.66 

Cubas, 3.30, 3.45, 3.46. 

C i 

lo 

.. .. 3.42 

68.40 

Cubas. 

4 k 

24 .... 

3.405 

68.10 

Cubas, 3.39; Porto Bicos, 3.42. 

f 4 

2(1 

3.39 

67.80 

Cubas. 

it 

29 

3.33 

66.60 

Cubas. 

May 

1 

3.30 

66.00 

Cubas. 


fi 

3.27 

65.40 

thibna, Philippines. 

a 

0 

3.24 

64.80 

Cabas. 

i i 

12 

3.225 

64.50 

Cubas, 3.24, 3.21. 

it 

13 

3.18 

63.60 

Philippines, 3.19, 3.17. 

4 t 

13 

3.182 

63.65 

Philippines, 3.155; Cnhas, 3.21. 

H 

16 

3.24 

64.80 

Philippines. 

it 

19 

3.21 

64.20 

Cubas, Philippines. 

% t 

21 

3.19 

63.80 

Cnhas, 3.21; Porto Bicos, 8.17. 

(( 

22 

3.17 

63.40 

Porto Bieos. 

ti 

23 

3.14 

62.80 

Philippines. 

it 

24 

3.425 

68.50 

Cubas, 3.39; Porto Bicos, 3,46. 

it 

27 

3.132 

62.65 

Cubas, 3.14; Porto Bicos, 3.125. 

it 

29 

3.14 

62.80 

Philippines. 

June 

4 

3.225 

64.50 

Cubas, 3J21; Philippines, 3.21; Porto Bicos, 3.24. 

ti 

5 

3.24 

64.80 

Philippines, Porto Bicos, Cubas. 

C( 

6 

3.26 

65.20 

Porto Bicos, 8.27; Cubas, 3.27, 8.25; Philippines, 
3.27. 

it 

10 

3.255 

63.10 

Porto Bieos, 3.27; Cubas, 3.24. 

ti 

11 

3.27 

65.40 

Porto Bicos. 

it 

13 

3.315 

G6.30 

Cnhas, 3.30, 3.33; Philippines, 833. 
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A quarterly Paper devoted to the sugar interests of Hawaii and issued by the 
Experiment Station for circulation among the Plantations of the Hawaiian Sugar 
Planters' Association. 

In This Issue: 

Chlorotic Streak Disease of Sugar Cane 

A brief and a*tlescription of chlorotic streak disease which occurs on 

several sugar cane varieties in Ha\\aii is presented. An account of the studies 
regarding its cause, an outline of investigations now lieing conducted and certain 
measures for its control are also offered. 

Field studies have sho\ni that the disease is readily transmitted with cane cut- 
tings and this fact places the trouble in the categor}' of systemic plant diseases. 
The effect of the disease on sugar yields will be determined in field tests by har- 
vesting separate plots planted with diseased and healthy cuttings. 


Xeniafodes Associated xAth Sugar Cane in Ilctumi, 

A brief resume of the nematode genera foimd in the cane fields of Hawaii, to- 
gether with illustrations of some of the species. 


Irrigation Measurements: 

Greater accurac}' in the measurement of irrigation water to small experimental 
plots may be had by using the Parshall Flume \rith six-inch throat. An arrange- 
ment by which the hook-gauge can be made portable for rapid transfer from one 
installation to another is described in this issue. 

Twenty installations of tliis tyi^e at the Waipio Substation are proving satis- 
factory. Waimanalo Sugar Company has recently made fourteen similar installa- 
tions for water measurements to level ditch plots. 


A Practical Use of Cane Growth Measurements: 

A comparison of the winter and summer growth of sugar cane at Kukuihaele 
is presented by W. C. Jennings, who makes this study by the aid of growth 
measurements- 



Since the winter sea$on is almost accompanied by a fair rainfall 

and the summer months are often subject to^jfere drought, it is important in that 
district to differentiate l^etween the potentj^Inllprc^Jt’th ^^lue of the different times of 
the year. 


Cane J^ancties in the Philippines: 

The principal varieties in the Philippines arc discussed together with some of 
the newer seedlings which are being tested against them. 


Sugar Cane Breeding in the Philippines: 

With improvements in field practices in the Philippines has come a desire for 
canes better able to respond to the improved conditions than the old Luzon W’^hite 
and Negros Purple. This has resulted in considerable interest in sugar cane breed- 
ing. A brief account is given of the past and present status of cane breeding work 
in the Philippines. 

An Open Letter: 

“An Open Letter to All Sugar Techonologists” from F. W. Zerban, general 
chairman of the International Society of Sugar Cane Techonologists, invites coop- 
eration of authors of technical papers, requesting that abstracts of papers be sub- 
mitted for publication in Facts About Sugar. 


Rat Control in HauKiii: 

An historical outline of pertinent work done here and elsewhere on rat control 
is followed by a report of the recent investigations conducted on the island of 
Kauai on the control of rats. Tests on 453 wild caged rats of various species are 
reported. Strychnine rat baits were found inefficient and distasteful to rats. 
Barium carbonate preparations, although highly toxic, were ignored until the rats, 
dei>rived of other food, were forced to eat them. 

Thallium sulfate-treated wheal bait, of a 1 to 1,000 weight ratio, proved to he 
highly effective, was eaten by all ra^’s offered such preparations and death ensued 
ndthin an average of three days in all cases. Tests with field rats proved the effec- 
tiveness of tills liait and it has since been adopted on those plantations whidi are 
now practiaiig rat control in the cane fidds. A marked reduction in numbers of 
rat-eaten canes coming to the mills has lieen effected within the first year of general 
use. Improved mill juices have resulted from the use of thallium sulfate-treated 
wheat baits. 

The formula for preparation is detailed and the dangers involved in handling 
the drug are pointed out, as well as the precuations to he taken. The prepared rat 
bait is now manufactured and distributed by ihe Pacific Guano and Fertilizer Com- 
pany, of Honolulu. Tlie use of ready-prepared rat bait is to be preferred for 
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plantation Ube if faciliticb for the safe and economical preparation of thallium 
rat baits are lacking. 


Periodic Han*cstiny Experiment — Jl^aipio. 

A stud\ of the j-ield of cane given by the H 109 variety when planted at dif- 
ferent periods of the year. Chemical anahsis of niillable cane, tops, trash and dead 
cane, at each period of harvest, have made possible a determination of the amounts 
of mineral nutrients removed from the field during the growth of the crop. 


Hydrogen Ion Concentration: 

A dibcussion of the theory involved in the use of the tenth normal calomel 
electrode employed in determining pH is presented from a purely chemical stand- 
point. The several effects of changes in temperature, pressure, and composition 
are treated, and equations included by which the magnitude of these effects may be 
calculated. 


The Probable Error of field Tests zeith Sugar Cane: 

A statistical examination of the results of field experiments conducted by the 
agricultural department throughout the islands during the last ten years shows an 
average probable error of 6.6 per cent. 

Considerable evidence is presented to show that this probable error lias been 
influenced by the enrironmental variability that exists in the experimental areas. 
A distinct tendency toward a smaller error is noted with the higher tonnage rields, 
a.s well as on the plots which have had an ample suppty of plant food nutrients, 
particularly nitrogen. 

There is some indication that plots somewhat larger in size than those ordinarily 
used here, may can*}’ a lower probable error. 


Statistical Data for the Interpretation of Field Experiments: 

A statistical analysis of a large amomit of experimental data at Ewa Planta- 
tion Company has defined the characteristics of the normal curves of error to be 
expected in cane and sugar plot }’ields and in juices. Extreme deviations from the 
mean values were found to consistently lie beyond the limits of tlie normal curvxs 
of error concenied wliich prompted the development of a systematic method of plot 
elimination in the analysis of field experiments. Consideration has Ijeen given lO 
the numljer of plot replications in their effect upon the significance of results. 




Chlorotic Streak Diseeise of Sugar Cane 


By J. P Martin 

The purpose of this article is to present briefly a history and a description of 
a peculiar leaf streaking disease occurring on several sugar cane \'aneties in 
Hawaii, an account of tlie studies to date regarding its cause, as well as an outline 
of in^ estigations now being conducted and certain suggested measures for its con- 
trol 

HlSTt)R\ 

Raymond Conant, research agricultunst, Olaa Sugar Company, Limited, for- 
warded specimen material consisting of leaves of P.O.J. 36 to tlie Experiment 
Station in October, 1929 The leaves exhibited one or more long, irregular, yel- 
lowish, chlorotic streaks often extending the entire length of the leaves. 

The chlorotic streaks were studied by members of the pathologj' department. 
Isolations made by C. C Bamum from lesions on these leaves yielded several tj'pes 
of bactena and fungi. Inoculations made with ten of the bacterial cultures failed 
to produce any symptoms similar to those occurring in the field. Histological 
examinations of the streaks by D. M. Weller, demonstrated that both xylem and 
phloem were affected and that tlie bundles in the advancing areas of the lesions 
were filled wnth a gum-like substance. The chlorophyll-bearing cells wnthin the af- 
fected tissues were of a pale green or light yellowish color Stained preparations 
show’ed bacteria (possibly of a secondary nature) to be present in the parench}'ma 
cells surroimding the chlorophyll-bearing parench>'ma and in the motor cells. A 
report of these investigations appears in the Experiment Station Monthly Letter 
for November, 1929. 

During the month of October, 1929, inspections were made on several planta- 
tions on Hawaii to study the disease. The fields at Olaa Sugar Company were 
visited in company wdth Mr. Conant, w'ho stated that the disease w^as first seen dur- 
ing the summer of 1927 on P.O.J. 36 plant cane and that it was again observed on 
the same varieri" of cane during the summer and fall of 1929. 

A preliminary survey made by Royden Brjan and the w’riter, in October, 1929, 
showed that the disease was present on P.O.J. 36 at the following plantations : Hilo 
Sugar Company, Pepeekeo Sugar Company, Onomea Sugar Company, Honomu 
Sugar Company and Laupahoehoe Sugar Company. Other plantations on Hawaii 
wrere not visited at that time. 

It was suggested to Mr. Conant during the course of this visit in October, 1929, 
that plantings of both diseased and healthy cuttings of P.O.J, 36 should be made 
in order to determine whether or not the disease is transmitted with cuttings. Mr. 
Conant installed an observational test to determine this point in a small plot near 
the mill. In addition, cuttings of P.O J, 36 affected with the disease were selected 
from Field W of Olaa Sugar Company and taken to Honolulu and planted at the 
pathology plot, so that frequent observations could be made on the plants grown 



376 


fiom the diseased cuttings In three or four months, veiy definite lesions typical 
of the disease appeared on the shoots developing from the diseased cuttings planted 
at Olaa Sugar Company as well as on the shoots developing from the diseased cut- 
tings planted at the pathology plot. In both of these observational tests, the plants 
grown from the healthy cuttings have developed no s}Tnptoms of the disease, even 
after ten months. It is significant that tlie healthy plants did not contract the dis- 
ease even though they were in contact with the diseased plants The fact that the 
disease is readily transmitted by cane cuttings immediately places this disease in the 
category of systemic plant diseases. 

A survey of the plantations on Oahu by Messrs Banium and Carpenter, 
during the early part of November, 1929, revealed the fact that the yellowish 
lesions of the disease were present on P O.J. 36 at Waimanalo and one case \\"as 
found on P.O.J 36 at Waipio substation Several cases were observed on P O.J 
36 during August, 1930, at the Kailua substation. 

Since the disease was readily transmitted with cane cuttings, it became neces- 
sary to install further observational tests to determine its effect on sugar yields. 
Plots planned with diseased cuttings and others wnth healthy cuttings are to be har- 
vested and the quantitative data secured are to be used in determining this point. 
At the present wnting, observational tests are under way at Olaa Sugar Company, 
Hilo Sugar Company and the pathology plot, Honolulu. 

In the Monthly Letter for Februar}% 1930, it was stated that tlie peculiar yel- 
lowish streaks frequently observed on leaves of P.O.J, 36 and other varieties would 
in the future l)e referred to as symptoms of “chlorotic streak disease.” To date, 
chlorotic streak disease has been observed on the following cane varieties : P. O J. 
36, 36M, 234 and 979, U. D. 1, Yellow Caledonia, K 107, D 1135 and on a few 
of the newer varieties. 

De.^cription 

The symptoms of chlorotic streak disease are easily recognized on the more 
mature leaves of an affected plant by the presence of long, irregular, yellowdsh, or 
chlorotic streaks. The streaks vaiy from % to oi an inch in width and in 
length from a fraction of an inch to the entire length of the leaf. The lesions on 
the leaves are somewhat irregular and wav>^ in outline as compared with die very 
definite stripes that are typical of red stnpe disease. Also, the appearance of the 
lesions of chlorotic streak disease differs from the markings characteristic of leaf 
variegation in that the markings of the latter are well defined, have very sharp 
margins between the healthy and chlorotic areas, and usually extend onto the leaf 
sheath and occasionally, onto die cane stalk. So far, lesion« of chlorotic streak 
disease have not been observed on the leaf sheaths or cane stalks. The streaks 
are more or less parallel to the vasailar bundles or veins of the leaves and, in the 
advanced stages, are quite conspicuous in contrast with the normal green color of 
the healthy portion of the leaves. 

In the older streaks necrotic areas of an ash color are often present, which are 
separated from the healthy areas by a reddish-brown line. These necrotic areas 
correspond in shape to those of the large lesions and vary in length from a 
few inches to the entire length of the mature lesion. 




Chlorotic Streah Disease 
(On P.O.J.3#) 





The earliest bViiiptomb of the diseabC are manifested by the appearance of ver>’ 
indefinite yellowish streaks on the young leaves. These may occur on any portion 
of the leaf blade extending both upwards and dowmwards from the |)oint of origin 
with an irregular outline, and follow’ the course of the \'ascular bundles. When one 
cane leaf is found affected wuth chlorotic streak disease it ib not uncommon to find 
typical lesions on six or seven other leaves of the same stalk. 

The leaf symptoms of chlorotic streak disease, as described above, are shown 
in the colored plate accompanying this article. Since the streaks are so definite on 
the more mature leaves, only such material should be used for positive diagnostic 
symptoms. 

ilany stalks exhibiting leaf sjinptoms have been cut open and examined. In 
a few** cases a slight reddening of the vascular bimdles, particularh' at the nodes, 
has been observed. The red discoloration in the stalks has nut as yet been proved 
to be a symptom associated wdth the disease. Further studies of this condition in 
the affected stalks are being made. 

A cane disease manifesting symptoms similar to those of chlorotic streak occurs 
in Java and is knowm as The Fourth Disease ; this terminolog}’ is used signif\4ng 
that the trouble is the fourth vascular disease of sugar cane plants, the other three 
rascular diseases being Sereh, leaf-bcald and gumming. 

Studies of The Fourth Disease, in Ja\’a, have not disclosed an organism 
associated wdth the trouble and the cause of the disease is to date unknown. The 
Fourth Disease w’as pointed out to the winter in Java, in 1929, by Dr. G. Wilbrink, 
Directress of the Qieribon Sub-Experiment Station, on the cane variety P.O.J. 
2878. Only an occasional diseased plant was observed and the disease was con- 
sidered of minor significance. 

WTiile Dr. P. C. Bolle, pathologist of the Sugar Experiment Station, Java, was 
visiting the Haw’aiian Islands in Febniary, 1930, plants affected with chlorotic 
streak disease w'ere called to her attention and she diagnosed the disease as The 
Fourth Disease. 

Control Melvsure 

As already mentioned, the disease is readily transmitted with cane cuttings and 
where a rariety, such as P.( ).J. 36, is being rapidly extended and is affected with 
chlorotic streak disease it seems highly advisable to recommend that only healthy 
cuttings ht selected for planting material. To date, no serious losses have resulted 
but to prevent the spread of tlie disease and possible losses, should the disease prove 
to be serious, the plantations on which the disease now occurs would be justified in 
adopting this recommendation. 

Discussion 

In dealing writh newr sugar cane varieties we are continually confronted with 
new diseases in plant pathology by their appearance in tlie form of peculiar blem- 
ishes, markings, malformations, etc., which, in the past, have not l^een recorded. 
However, these diseases may have existed in the Territory in an inconspicuous or 
latent condition on the standard varieties and are only recognized on newrer 
varieties due to the susceptibility of the latter to such maladies. Again, environ- 
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mental conditions nia> change and become extremely favorable for the development 
of certain cane diseases which, in the past, have been obscure or unknown. 

The question naturally arises as to whether chlorotic streak disease was import- 
ed in recent years from Java through cuttings introduced from Washington, D. C. 

If a systemic disease should be introduced in the cuttings of a new variety, it 
must be recalled that the introduced material is confined to a wtry small number of 
cuttings and that when a variety so introduced is expanded to many acres, 
we should expect a very large percentage of the cane so propagated to show a high 
degree of infection. With the disease under discussion this, however, is not the 
case. We find sjmptonis of the chlorotic streak disease in a very small percentage 
of any one variety that shows the disease. 

This leads us to believe that! the malady lias been harbored in one or more of 
our standard varieties in an obscure form and that it now manifests itself on the 
more susceptible canes. 

Summary 

A chlorotic leaf streak now known as chlorotic streak disease, which occurs on 
several sugar cane varieties in Haw’aii, was first called to our attention in October, 
1929. According to present records, this disease has been observed but a short 
time in the Territory. 

Laboratory studies have not established the cause of the disease. Field studies 
have shown that the disease is readily transmitted with cane cuttings, which fact 
places the disease in the category of systemic plant diseases. 

The effect of the disease on sugar yields is being determined by harvest- 
ing separate plots planted with diseased and healthy cuttings. 

The disease is recognized by tlie presence of one or more irregular, yellowish, 
or chlorotic streaks, especially on the older leaves. The lesions on the young leaves 
are somewhat indefinite. The margins of the streaks are irregular or wavy in out- 
line as compared wdlh the very definite outlines of the stripes characteristic of red 
stripe disease and leaf variegation. Frequently, the lesions may occur on from one 
to seven or more leaves of an individual stalk. 

The leaf symptoms of chlorotic streak disease are similar to those of 
The Fourth Disease which occurs in Java. 

Since the disease is readily transmitted with cane cuttings, it has been recom- 
mended that when a variety is being rapidly extended and is affected with chlorotic 
streak disease only healthy cuttings should be used for planting material. 
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Nematodes Associated with Sugar Cane in Hawaii 


By Gertrude Casstoy 

\\ hile a few specialists have for some time recognized the role played by nema- 
tttdes in agriculture, the vast number of agriculturists have only recently become 
aware of the extent of their range and their economic importance. 

The definitely destructive work of a few species in special crops, such as the 
two species of Heterodera and a few species of Tylenchus, has been observed for 
many years and nimierous remedies suggested for their control, yet the impor- 
lant part played by free-living nematodes both directly and indirectly, and the fact 
that the damage caused by nema pests is still increasing, is only now being fully 
recognized. 

Nematode investigations have been intermittently in progress in the Hawaiian 
Islands since 1905. At that time much valuable work was contributed by Dr. N. 
A. Co])b, who made numerous examinations of cane roots on the islands of Ha- 
waii, Maui and Kauai, and identified the following eleven nematode genera: 

1. Doiydaimus 

2. Tylenchus 

3. Mononchus 

4. Prismatolaimus 

5. Plectus 

6. Monhystera 

7. Anthonema 

8. Diplogaster 

9. Cephalobus 

10. Rhalxiitis 

1 1 . Heterodera 

To this generic list of nematodes associated with sugar cane in Hawaii may 
now be added the following seventeen genera: 


1. 

Axonchium 


2. 

Criconema r (1) 


3. 

Xiphinema J 


4. 

Aphelenchus^j 


5. 

Discolaimus V (2) 


6. 

Isonchus J 


7. 

Actinolaimus — Not previously recorded 

8. 

Acrobeles 


9. 

Bunonema 


10. 

Cyatholaimus 


11. 

Chromadora 


12. 

Dolichodorus 


13. 

Iota 
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14. Iroinis — Not i)reviouhly recorded. 

15. Rhabdolaimus 

16. Triplya 

17. Tylopharynx 

Of this additional group more than half are spear-bearing nematodes known to 
be plant feeders which obtain their nourishment through punctures in the root 
surface made by the sharp protrusile spear with which each is armed. 

Tlie importance of this exoparasitic group in Hawaii has been somewliat neg- 
lected oE late, owing to the extensive plantation survey which was recently coni- 
])Ieted. 

No attempt was made in tliis survey to include the exoparasitic forms (i.e,, 
those which feed from the outer surface of the plant as contrasted with those 
which not only obtain nourishment from the plant but actually inhabit the internal 
root structures besides), as the vastness of their numbers precluded investigation 
over so great an area. (All plantations of Oalui, Maui, Kaiiai and Hawaii were 
included in the nematode survey.) 

The importance of these exoparasitic fonns has not, however, been forgotten 
and the work of identification is at present in progress. 

The economic importance of these exoparasitic nematodes has long been recog- 
nized, though little or no mention has been made hitherto in these pages. The 
following extract gives a general indication of the importance of this group from 
the viewpoint of the agriculturist (3) : 

In recent years tin? study (if frcu'-liviiig ncnias has lioen greatly increased, and as a risult 
the prohlems connected wtli nema nests Imve acquirid a new aB]>wl. . . . Today we know 
that soil nematodes play a very important role. 

1. As consumers and destroyers of our erops— often destroying whole fields, Imt much 
of tenor dc^crcasing their yield in a less percepUhle degree. 

2. As consumers of, and as important workers in the distriliutiou of the bacterial flora 
of the BoiL Their activity is certainly not restricted lo denitrifying bacteria, bul extends 
to nitrifying foigjs as well. A closer study may show relatious of very great importance. 
Tlicjy carry bacteria and fungus spores everywhere. Wounds on roots or other imrta of pbiuts 
may very often bo infected by bacterial and fungous diseases carried by these nematodes. 

3. As having relationahiiis with furgi upon which some species are kno^vn to feed. Ac- 
cording to Zopf fungi on the other Imnd may use nematodes os prey, 

4. As consumers of protozoiu It is known that ceitain fresh-water nemas feed specially 
on protozoa, sometimes apparently on a single species. There is a probability that sorao 
soil species may feed in a similar way, and further investigations may enable ns to combat 
plant-injurious protozoa by the use of these nt'mas. 

5. As furnishing a control for iilant -injurious nemas. This refers to the work of pred- 
atory nomas, such as j!f onoaWma paiiillatua^ whose feeding Iiahits liavc been described in this 
paper. There are other species of nemas with a similar significance. Here is o groat field 
for study. Investigations should also he carried on to show more definitely the relations of 
these predatory forms to rotifers, oligoclinotes and other soil animals. 

6. As a fa(stOT in the humification of the soil, in transformation and removal of all kinds 
of organic matter, decaying bodies, etc. 

7. As assisting in the aeration of the soil. We know how very important aeration of 
soil is for the growth of bacteria and all kinds of plants. Quite possibly these millions of 
nematodes living in th(? soil are highly useful aerators. 
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Ta order to solve tlie problem of the relation of the soil neinas to soil fertility, wo requiro 
a knowledge of the nema population in the soil itself and we also need to know: 

1. The eompo&ition of tho nema population, the species found and the r numeric reiire- 
sentation in all kinds of soil — sandy, humus, swampy, dr^'-soil, hard clay, etc*. 

2. The hoiizontal aud vortical distribution of nemas in all kinds of soil niid the reasons 
for this. 

3. The seasonal changes of the different species, the uumbei- of spec-'cs and the number 
of individuals of each species. 

4. The mlluenee of habitat on the nematode population including physical, chemical and 
biological factors found in tho habitat. The biological factors include kinds of crops and 
other forms of vegetation that may be present. 

The working out of these |rnbleius will surely enable us to conclude why ncinn pests are 
absent m some cases, and why in apjiarently s’milnr conditions they exist in sueli enormous 
numbers. A large field is thiu opened up for investigations, tho results of which wdll bo of 
great importance to agricultural science. 

Mononchns Bast. 1866, the Predacious Nematode — 

Specimens of this genus were first identified around cane roots in Hawaii by 
Dr. N. A. Cobb, 1905. 

At that time these nemas were accepted with the other ten genera as definitely 
cstalilished plant parasitic forms. This viewi^oint has been completely recon- 
sidered in the light of recent investigation and Mononclius is now regarded hope- 
fully by reason of its predacious habit, as a probalile means of nematode control, 
and an ally in the warfare waged upon all ])lant destructive fomis. 

The following extract gives an adequate and brief summary of the situation 
(4): 


No free-living ncmatod<B have gained more inlereat during recent year« than ihoHO eon- 
Hlituting the genua Mononclma; Ihia ia because the Jateat d'HCOverita have lt*d to n complete 
change of view concerning their eeoiiuniic relaiionshliiH, (^nreful examination, here recorded, 
of a large number of Bpeciniens belonging to many different aiiecica of MononebuB, Ims fully 
demonstrated the predaceous character of ceitain common aud 'widely siiread Boil-inlinbiting 
apecieB — ^which are found to feed on other wnnll animal organisma, sucli ns protosoa and roti- 
fers, and, most interoBting of all, on other nemos. 

Economic Importance — ^If, as is often the caae, the nnnna destroyed by tho mononebs nro 
nemas injurious lo agriculture then the mononchs are benefieifid to man. The first definite 
instance of this was reported in the Journal of Agricnltural Research in SeiJtember, 1914: 
Mononehus papillatus was shown to feed upon TyJenchna Hcmiipcnctranaf the latter a nemn 
infesting the roots of citrus trees. Since that time the writer has observed many similar 
instances, fourteen of which are recorded herein. 

J’ormeriy mononchs wore considered harmful to vegetation. The basis of this oiiinion woh 
twofold: First, they were known lo congregate about the roots oiid between the leafsbeatliH 
of plants, especially succulent idantH, in sufficient number to justify the opinion that they 
would be liarmful, jirovided they were vegetarians. Second, vegetable matter waa often found 
in their inlestiiies.* 

More careful investigation, liowover, h.*is diB(*1oBed other facta incompatible with this opinion 
that mononchs are harmful to vegetation. The food-hablta of mononchs liave uow been more 
carefully investigated as herein recorded, and each species so studied has proved to be cai‘- 
nivorous. . . . 


* (Found to be due to the Mononehus s]).* having devoured a ])araaitie prey whose intestinal 
continta previously contained vegetable debris. — Q. C. — Author.) 


m 
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As 'we gain familiaiitr with the food liabita of nemai, it becomes posbible on tins new 
basis to make comparative anatomical studies, the robults of which may be apxilied in deter- 
mining the food habits of newly discovered geneia and species. . . . 

.... Picture these ferocious little mononcha engaged in a ruthless chase in the midst 
of stygian darkness. We may imagine them taking np the scent of the -various bmall animals 
upon wliich tliey feed, among which almost anything they can lay mouth to seems not to como 
amiss, and pui suing them with a rclentlesb zeal that knows no limit but repletion. 

How many acres haie tlicii oiganic balance determined by their millions of pT( 2 wling 
mononohs? . . . 

Metlwd of AliacL — ^When used in conjuuf tion wdth the strong dorsal tooth and the powerful 
lips, the rasps aie remarkably cifleicnt oigans. The mononch glides up to its quarry and 
makes its onslaught by a quick snap of tlie head, throwing its jaw's suddenly wide open and 
grappling its prey by means of the inner aimatmc of the lips. As the jaws close in, the 
victim hody is jammed against the point of the dorsal tootli, as well as against the ranjis 
and in this wa> is at once both punctuied by the tooth and laceiati*d or milled liy the 
maps. . . . 




. - X 1000 

Pig. 1, A mononch about to seize its 
victim. (After Cobb.) 

Geographic Disirihution —Varieii/ of Sdbitai — ^Mononcha are found in all the Imbitablo 
regions of the world. They inhabit the soils and fresh waters of every clime, occurring even 
at great depths in lakes and at very high altitudes on mountains. While we havo only just 
begun to learn the details of their geographic distribution, it is already manifest that some 
species are cosmopolitan. . . , Mononchvs longicattdalim, for instance, is known from the 
tropics, from temperate regioms and from very cold regions and Inhabit both soil and fresh 
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water. Another bpeeies, MonMicha 'brnclnjinua is hno^\n fiom warm hpiinga and fiom cold 
Alpine lakes. 

Both of the two species cited (ili. longicaudaiits and A/, brachynrus) together 
with several other .species are readily found associated with sugar cane in Hawaii. 
Recent experimental work has gone to prove the unquestionable value of members 
of this genus in reducing the population of plant injurious forms. Mononchus 
pQpillaiiiS (also present in Hawaii) has Ijeen observed to devour as many as eighty- 
three Heterodera in one day, and it has been definitely proved that members of this 
genus are not vegetarians and are therefore beneficial to the welfare of the crop 
and industry. 

Considerable discussion lias been stimulated during the recent investigations as 
to the exact amount of damage which can he attributed to nematodes infesting 
cane. With a view to demonstrating tliis to the satisfaction of outside workers, 
the accompanying chart was made to demonstrate the numerical infestation of cane 
root per linear centimeter of root. The stool selected was one of hundreds ex- 
amined in the course of the nematode survey. This stool was listed under the 
heading of “Moderate Infestation with Tylenchus siinilis” (a standardization de- 
termined by an estimated 50 per cent root infestation). One linear centimeter of 
infested root was found to contain 600 worm forms {Tylenchus similis) and 300 
eggs {Tylenchus similis). 



Pig. 2. A reproBontation of the aetunl count of nemalodea and eggs {Tylmclivs aindia) 
found in ] cm. of infested cano root (Hawaii 1930). x 0.4. 


The diagrammatic representation presents the root and the infesting nematodes 
in their correct proportions. Further comment is perhaps unnecessary as the 
individual may judge for himself the probable proportions of a severe infestation. 
Extensive collections of exoparasitic cane nematodes have been made during tlie 
past few months and much valuable material prepared for identification. 

To reiterate the difficulties attendant upon this branch of die work is unneces" 
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sary as allusion to it may be found in practically every paper ever published in 
connection with the subject. 

Valuable information generously imparted by other workers in the United 
States and in Europe as to additional equipment and elaborated technique has 
facilitated the work appreciably and already a certain amoiuit of identifications 
have been completed. The recent collections prove the soils of our cane fields to 
possess a large and varied population of nematode genera. The majority of these 
liave not previously been recorded for Hawaii and include many new and little 
known species. 

Tylopharynx anmdahis Cassidy (in. litt.). A new species of a genus not 
hitherto recognized in Hawaii. This nematode is possessed of a strong, highly 
chitinized tripartite spear and was found very abundantly around the roots of 
sugar cane growing upon land previously in rice. In many ways it resembles the 
endoparasitic Tylenchus similis but as yet this genus (Tylopharynx) has not been 
observed within the internal root structures of the cane. (See Fig. 3.) 

Tylenchus spiralis Cassidy (in. litt.). A new species closely resembling 
Tylenchus dihystera Cobb commonly found associated with the roots of sugar 
cane, pineapple, banana, rice and coffee in Hawaii. This species is distributed 
throughout the islands and is apparently uninfluenced l^y altitude or by varied soil 
environment. It has been found in sandy soils at sea level, in the colloidal soils of 
rice lands and in forest soils rich in himius at an elevation of more than 1000 feet. 
(See Fig. 4.) 

Actinolaimus elaboratiis (Cobb) Cassidy (in litt.). An unusually large sized 
species, originally found by Col)b, associated with diseased cane in Kohala and 
described by him in 1905 under the genus Dorylaimus. No diagrammatic repre- 
sentation of this species has previously been published. The highly complex 
pliaiyngeal cavity containing the strongly cliitinized protrusile spear is worthy of 
attention. Actinolaimus claborafus is an exoparasite l)elieved to puncture the root 
surface and so obtain nourishment by extracting the root juices by means of its 
powerful hollow spear. (See Fig. 5.) 

This genus is found in Hawaii commonly associated with the roots of sugar 
cane and of coffee. It has been demonstrated at high elevations (over 1000 feet) 
and also in lowland areas near sea level in various types of soil. 

TjITBRATITJBE cited 

Mxdr, S’., and Cassidy, G. 1938. Nematbdes in coiinection with sugar cane root rot in 
. the i^waliau Islands. Eaibaiian JPlantera* Bccord^ Yol. ZXX, pp. 238*250. 

2. Muir, F« 1926. Nematodes considered in relation to root rot of sugar cane in Hawaii. 

Fifth il^ort Association of Haw'aiian Sugar Teelmologists, pp. 14*18. 

8. .Steiner, G., and Heinly, He 1922. The possibility of control of Ecterodera radicicola and 
other plant-injurious nemas by means of predatory nemas, especially by Eononohus 
papillaiv4t Bastian, Jour. Wash, Acad. pp. 367-386. 

4. Oobb, N. A. ' 1917. The Mononchs. Soil Science, lU, pp. 431*486. 



385 



Pig. 3. Tyloyharynx antinlaUi^ x 814. 

Adult female measuring .05 mm. (body sectious and front view of head). 

an — anus^ int — ^intestine; lb — ^lip; oe— oesopliagua; onr^)ear,' ov — ovary j ov irm — ^ter- 
mination of ovarian tube; p ex — excretory pore; sir — longitudinal strintiona; vap— vagina. 
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iFig. ,4. Tyleneliiis spiralis z 470 

Adult female measuri*g .66 mm. Inset — ^front view of head. 

an^ — ontwi; ^n^— intwtine j lat al — ^lateral alaj lb — ^lip; p ete — ezcretory pore 3 on — spear; 
ov ftt — ^fertilized egg; ov irm — ^termination of the ovary; vagina. 
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Fig. 5. elaltordiua (Cobb) z 284, 

Adult female measuring ,1,7 mm. The central figure represents the front view of the 1ie4d. 

tttwia— anus; crd — cardia; 16 — ^Up; oe^oesophagusi on — spear j or — mouth; ot) doi— 
oviduct; ov /laJ^varian flexure; oti /rt — ^fertilized egg; ov trm — ^termination of ovarian tube; 
ppt— papilla; pre ref— pre-rectum; ut — uterus; vtv — vuh'a. 
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Measurement of Irrigation Water to Small Plots at the 

Weiipio Substation 


By H. R Shaw 

Detailed studies of certain relationships of irrigation water to the cane plant 
liave been in progress for several years at the Waipio Substation. Due to the 
limited area available for irrigation investigations and to the advisability of lessen- 
ing errors caused by soil variation, unequal water distribution, and seepage losses 
in level ditches, attempts have been made to measure the water at the junction of 
the level ditch and watercourse Plots to which irrigation water is measured vary 
in size from 0.1 to 0.2 acre. 

Difficulties have been encountered in perfecting a t3q>e of measuring device 
which would lie satisfactory under such conditions. Portable steel weirs set in the 
level ditch were abandoned because of the seepage of water around Uie facings 
and because of the difficulty in setting the weir plumb and vertical in the level 
ditch. Concrete installations of sulimerged orifices used with Great Western met- 
ers have also proved rather unsatisfactory. Inherent disadvantages of the sub- 
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merged onfice as a type of control and of the Great Western meter a*- a type of 
recordei were augmented by freciuent clogging of the orifice and meter propeller 
with ti ash and algae. 

As the basic results of the experiments are dependent on tlie accuracy of the 
water measurement, it was necessary to devise a type of measurement which would 
be as accurate as possible without disproportionate costs in labor and material 

The Parshall (Venturi) Measuring Flume, constructed according to specifica- 
tions given in bulletin 336 of the Colorado Experiment Station, was adopted 
the most accurate and satisfactory means of water incasuremenl. A steel form 
Avas constiucted hy means of which concrete Parshall installations with 6-inch 
throats could he made The crest of the flume was set 6 inches aliovc the level 
of the watercourse directly below the pioposed installation in order to insure free 
flow discharge The structural strength of the flume is provided hy a backfill of 
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field stone The concrete (1:3:6 mix of cement, lieach sand, and rock sand) 
serves as a mortar and as a smooth facing of the flume sides. The total cost of 
the flume in place is estimated at approximately $10. 

The actual measurement of water is made by mean *=5 of a hook gauge which 
can be moved from one installation to aiiotlier, A stilling well, 8 inches in dia- 
meter, is cast at the same time that the walls of the flume are set. The bottom of 



the stilling well is 6 inches below tlie level of the flume floor so that silting space is 
provided A one-lialf inch pipe leads from the flume wall, at a point two-thirds 
of the distance from the crest to the entrance and just above the floor level, to 
the stilling well. An upright, 4"x4"x24" is set veitically in the face of the 
stilling well wall. In the upright, a 2"x2" gioove is cut with the base of the 
groove level with the floor of the flume. The hook gauge is mounted on a 
4" X 4" X 24" which is cut to 2" x 2" about 6 inches from the top. The 2" x 2" 
portion of the hook gauge mount slides into the groove on the carrier, the upper 
portion of the mount testing firmly on the top of the earner, and the tip of the 
hook on a level with the earner base The gauge may be checked readily and fre- 
quently with a level by reading the rod when placed on the floor of the flimie. 



JRondlug liuok gauge m plnee. 


then resting the rod lightly on the tip of Uie hook when the gauge vernier is at 
zero. The gauge screw is adjusted until the rod reading is the same as when on 
the flume floor. The correction may tlien lie read directly from the gauge vender. 

It is necessary, of course, to have an operator of the hook gauge constantly 
present during the irrigation Under present conditions at Waipio, from one to 
two minutes is required for the irrigator to complete eadi line. There is com- 
paratively little fluctuaton in head after irrigation to tlie plot has started. The 
gauge operator determines the head over tlie flume every minute by adjusting the 
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gauge screw until the tip of the hook makes a “pimple” on the water of the stilling 
iwnd, and tlien reading the head directly from the vernier. He also records the 
time req[uired by the irrigator to fill the furrow with water. If more than one 
minute is required to fill the furrow, the average discharge is taken from a series 
of readings at one-minute intervals. The figures are recorded in the table shown 
below, and the discharge in cubic feet for each line is determined from pre- 
pared tables showing the relation of head to discharge, and of discharge and time 
to total amount. The sum of cubic feet per line for the entire plot can be easily 
converted to an application figure of Gallons or Acre Inches per Acre. 

This method of water measurement to small plots probably requires too much 
detail and attention to be employed in the average plantation experimentation. 
Where the success of the experiment depends upon the accuracy of water measure- 
ment, however, it is felt that this method will give greater satisfaction than any so 
far developed. 

WAIPIO SUBSTATION 
Irrigatiou Data 
Marshall I'lmiio MaaBuromout 


Ezporiment F 

Blot No. 0 

Time Started: 6:04 
Time Finislied: 




Date — 
Irrigator 


Hour 

Min. 

Sec. 

VJ,S. 

Head 

Co. Ft. 

0:04 

1 

60 

.20 

.23 

12.00 

6:0.5 

2 

120 

.20 

.23 

27.60 

6:07 

1 

60 

.22 

.24 

14.44 

6:08 

2 

120 

.22 

.24 

28.80 

6:10 

2 

120 

.22 

.24 

28.80 

6:12 

1 

60 

.2.1 

.2.1 

15.00 

6:13 

6:15 

2 

120 

.2.1 

.25 

30.00 



393 


Winter Growth at Kukuihaele 


By W. C. Jennings 


This is the first of a series of papers dealing with cane growth studies con- 
ducted on the Kukuihaele division of Honokaa Sugar Company during the past 
five years. 

This paper is concerned principally with emphasizing the large |>ercentage of 
our total growth which is secured during the winter months. Qimatic conditions 
and the elevations at which cane is grown at Kukuihaele are similar, in a large 
degree, to most of Hamakua and also the Kohala district. Later papers will deal 
with data collected during 1923 and 1924 in the Kohala district, which support 
this supposition that conditions are similar. 

The average monthly cane growth at Kukuihaele from November 1, 1924, to 
July 31, 1930, is tabulated below. These averages are the result of from 800 to 
1400 measurements taken monthly at from ISO to 1650 feet elevation and at all 
times as nearly as possilile evenly divided between young cane, or first season 
growth, and cane which is making second season growth. 


TABLE I 



.Tan. 

EH). 

Miir. 

Apr. 

May 

fluiio 

July 

Aug. 

flopt. 

Get. 

Nov. 

Poc. 

li)24 











5.13 

3.81 

1925 

2.81 

3.00 

4.41 

5.40 

7.21 

6.51 

7.83 

7.22 

0.71 

7.06 

5.34 

2.07 

192<) 

2,54 

3.34 

5,23 

6.08 

6.85 

5.80 

4.01 

7.03 

8.75 

7.80 

8.82 

3.02 

1927 

2.73 

3.03 

3.50 

8.27 

5.53 

5.07 

7.32 

8.77 

7.71 

7.62 

5.92 

4.65 

1928 

3.43 

2.80 

3.83 

0.78 

8.37 

6.04 

0.35 

8.55 

8.40 

4.35 

5.26 

3,53 

1929 

4.05 

5.13 

5.19 

7.89 

0.53 

4.58 

5.08 

6,92 

3.99 

2.43 

5.17 

3.52 

1930 

4.61 

6.56 

6.34 

6.82 

5.38 

7.01 

6.25 







Table II gives the monthly rainfall averages over the same period. 


TABLE U 



Jau. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Get. 

Nov. 

Dec, 

1024 











7.79 

.72 

1025 

7.23 

1.18 

9.44 

6.60 

3.61 

2.52 

1.50 

7.82 

2.15 

2.13 

3.43 

.46 

1920 

1.21 

2.66 

1.41 

8.31 

1.53 

4.69 

2.20 

5.01 

2.69 

5.74 

5.23 

1,09 

1927 

10.62 

2.28 

2.10 

11.43 

.86 

1.08 

6.99 

3.20 

3.78 

2.33 

8.14 

7.93 

1928 

3.73 

3.05 

3.78 

1.75 

4.57 

2.00 

5.88 

2.51 

4.29 

1.82 

6,56 

7.79 

1920 

12.08 

14.98 

10.31 

8.20 

2.75 

1.13 

2.50 

0.27 

.34 

.48 

13.65 

17,54 

1930 

G.oO 

7.20 

7.79 

16.93 

4.14 

6.08 

3.94 







For a number of years W. P. Naquin, for the purpose of comparing the annual 
winter and summer rainfall, has been terming the period from November 1 to 
April 30, winter, and May 1 to October 30, summer. This segregation of die 
months has been used in compiling the following data : 
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The data contained in Tables I and II are expressed graphically in Figs. 1, 2 
and 3. In these three graphs the solid line is the growth curve, while rainfall is 
‘-hown by the stepped or upright lines and all values are expressed in inches. 

These data are complicated somewhat l}y the measurements taken on 250 acres 
of plant Ulm during 1927 and 1928. This Uba was planted on hilltops tliat had been 
thrown out of cultivation several years l^efore as having too poor soil for growing 
cane. Ulxi, which is slow growing at best as plant cane, under these conditions 
made very slow growth and somewhat depressed the airve for the years 1927 
and 1928. The 1929 depression is due to the dry summer of 1929, which is 
Ijrought out very clearly in Fig. 3. 

To show in more detail the relation between rainfall and cane growth. Tables 
]II and IV follow. Table III gives the rainfall for the years 1924 to 1929 with 
the five-year average for each month in inches and also the average percentage 
values for each month. Table IV gives the canc growth for the same ])eriod and 
the average monthly values in inches and i)ercentagc. 

TABLE TIT 



Jan. 

Fell. 

Mai. 

Apr. 

May 

June 

July 

Aug. 


Oet. 

Nov'. 

Dee. 

1925 

7.2.S 

1.18 

9.44 

0.00 

1.01 

2.52 

1 .50 

7.82 

2.15 

2.13 

3.42 

.40 

1920 

1.21 

2.06 

1.41 

8.;n 

1..53 

4.69 

2.29 

.5,01 

2.00 

5.74 

5.23 

1.99 

1927 

]0.fi2 

2.28 

2.10 

11.4,3 

.80 

1.08 

0.99 

3.20 

3.78 

2.33 

8.14 

7.9:i 

1928 

3.7;i 

3.05 

3.78 

1.75 

4.57 

2.00 

,5.83 

2.,51 

4,29 

i.:u 

0.50 

7.70 

1929 

12.03 

14.98 

10.31 

8.29 

2.75 

1.13 

2..50 

0.27 

.34 

.48 

1 : 1.05 

17..54 

T(»tal 

.1482 

24.15 

27.04 

:U5.38 

1,3..32 

n 42 

in.n 

2481 

13.25 

12.09 

37.00 

35.71 

Average 

0.90 

4.8.3 

.5.41 

7.27 

2 00 

2.28 

3.S2 

4.90 

2.05 

2.40 

7.10 

7.14 

'/( value 12.<U 

8.36 

9.41 

12.,58 

4.00 

,1.95 

0.01 

8..58 

4„58 

L15 

12.79 

12..3.5 


TABLE IV 



Jan. 

Fel). 

Mtir. 

Apr. 

Mav 

June 

July 

Aug. 

He] it. 

OH. 

Nov. 

Dee. 

1925 

2.81 

3.90 

4.41 

5.49 

7.2J 

0.51 

7.8,1 

7.22 

9.71 

7.00 

5.34 

2.07 

1920 

2.54 

3.34 

5.23 

0.08 

0.85 

5M) 

4.91 

7.93 

8.75 

7.80 

8.82 

3.02 

1927 

2.73 

3.U3 

3. ,50 

8.27 

5., 53 

5.07 

7.32 

8.77 

7.71 

7.02 

5.92 

4.05 

1028 

3.43 

2.89 

3.83 

0.78 

8.37 

0.94 

9.35 

8.55 

8.40 

4.85 

5.20 

3.53 

1029 

4.05 

5.13 

6.19 

7.89 

9..53 

4 58 

,5.02 

0.92 

3.99 

2.43 

5.17 

3(*)2 

Total 

1,5.56 

18.29 

22.22 

34.51 

37.49 

28.99 

34 . 4:1 

39.39 

38.50 

29.20 

30..51 

18.2!) 

Average 

3.11 

3.06 

4.44 

6.90 

7.49 

,5.80 

0.89 

7.88 

7.71 

5.85 

0.10 

a.Ofi 

% valute 

4.49 

5.26 

o.:i8 

9.03 

10.78 

8.3,5 

0.9 

11.34 

11.10 

8.42 

8.78 

15.27 


Fig. 6 shows how closely the monthly averages for tlie past five years check 
tvith the averages of the past twenty-four years. This figure als(j shows tliat the 
months of Jtuie, July, September and October are consistently dry and that we can 
he fairly certain of getting good rains during August. 

These tables and graphs show roughly wliat every plantation knows — ^tliat 
there is but little relation between winter rainfall and cane growth and a positive 
correlation between the amount of smnincr rainfall and cane growth. However, 
this paper is not primarily concerned with tlie factors controlling cane growth, 
else temperature and wind velocity data would also be included. These data liave 
been arranged in this manner with the idea of drawing attention to the large per- 
centage of our total cane growth which is secured during the winter months. 
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These figures support our belief that it is possible to increase our winter cane 
growth and that the greater part of any future increase in 3rields must come through 
agriculture that is based on the theory that every advantage must be taken of winter 
rains. 

Field men in the Hamakua and Kohala districts are particularly apt to mini- 
mize the Ydlut of March and April as growing months. Cane that has lost color, 
in December and January has often started up rapid growth in March and April 
which at times is not visually evident until June or later. On the other hand, cane 
that has a good green color in June or July may have already slowed up the rate 
of growth due to lack of moisture. Color and general appearance alone are of no 
immediate value in deteniiining the condition and rate of growth or the growth 
\alue of a given period. In the Hamakua district where cane growth is compara- 
tively slow under average climatic conditions, the dqjendence on color or general 
appearance as a criterion of the condition of a field is apt to leave one at all times 
from four to ten weeks behind wliat is actually occurring. Our growth measure- 
ments show conclusively that by depending on visual evidence alone we would, 
most of the time, be several weeks late in determining what the rate of growth has 
been. 

The management of this plantation believes that taking advantage of winter 
growth conditions has ])een a large factor in the constant gains in yield per acre 
which have been secured here over the period which these data cover. This lias 
been done by jilanning crop rotation, fertilization and all agriailtural practices to 
take advantage of the almost certain optimum moisture conditions of the greater 
l»art of the winter months. Temperature is, of course, the controlling factor dur- 
ing the winter montlis, but it is a comparatively constant or stable factor, while 
rainfall, which controls the amount of summer growth, is so uncertain a factor 
lliat we cannot hope to carry any crop through the summer months witliout one 
nr more setijacks from lack of moisture. 

Table V and Fig. 7 give the percentage of summer and winter growth for the 
years 1925 to 1929. 


TABLE V 


Tear 

Total Growth 

Winter 

Summer 

1925 

. . . . 70.4 

luehoR 

25.55 

Vo 

33.0 

Inches 

44.95 

Vr 

04.1 

192« 

. . . . 97.38 

25.20 

37.5 

42.13 

02.5 

1827 

72.35 

SU.S3 

41.9 

42.02 

58.1 

1928 

. . . . 73.4(1 

2r..')(i 

37.4 

45.9(i 

(52.0 

1929 

(13.52 

:n.()5 

4S.9 

32.47 

51.1 


Su^^rMARY 


1. The siunmarization of five years of growth measurement data at Kukui- 
liaele indicates that the rate of cane growth or the growth value of a given period 
cannot be accurately determined by observing the color and general appearance 
alone and tliat without groivth measurements such observations are ajit to be mis- 
leading. 
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2. During tlie five-year period — 1925 to 1929 — 10.12% of the annual canc 
g^o^vth at Kukuihaele was secured during the period Noveniljer 1 to April 30. 

3. Winter growth at Honokaa Sugar Company has been increased by taking 
advantage of the optimum moisture conditions of most of the winter months, 
admitting, howevet, tliat tem]«iratuie is the inhibiting growth factor during wnter 
months. 

4. Comparing tlie five-year averages of 1925 to 1929 with the twenty-four- 
year averages of 1906 to 1929 shows that June, July, September and October are 
consistently dry, but that we can look for good rains during August. 

5. Dry weather in June, July, Septemlier and October is more apt to limit the 
possible effects of future improvements in our agriculture than will the low tem- 
l)eratures of the winter months. 

6. Winter growth factors are fairly stable when compared with the variable 
inhibiting factor of summer growth which is, of course, lack of moisture caused 
by wide fluctuations in monthly rainfall and inevitable periods of drought. 
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Cane Varieties in the Philippines 


By a. J. AI vngelsdorf 
Negros 

Negros produces about 70 per cent of the Philippine sugar crop. A dense 
population, which means an abundance of labor, and a fairly unifomi rain- 
fall throughout the year are the principal factors responsible for the extensive sugar 
industry of tliis island. 

Formerly Negros Puq^le was the only variety grown. It still occupies about 
four-fifths of the total area. This variety has excellent juices, is dependable under 
a wide variety of conditions, and is a cheap cane to cultivate. It tassels, but not 
excessively and we were told that it ‘‘germinates rather poorly, but not so poorly 
as H 109.” It is an excellent ratooner. It is. however, rather susceptible to leaf 
scald, mosaic, Fiji disease and smut. It also suffers from excessive or deficient 
moisture and is not well suited to adverse conditions, 

Negros Purple and Cebu Purple are local names for one and the same cane, ac- 
cording to the general opinion of those familiar with them. 

Badila occupies most of the remaining acreage of Negros and has been rapidly 
gaining in favor, ft has l:)een tried in comparison with Negros Purple in a mimher 
of yield tests. In mo'.t of these it has proved superior to the latter. Badila is very 
resistant to Fiji disease. 

H 109, D. I. 52 and P.O.J. 2878 together occupy the romainiiig acreage I). I. 
52 is doing well and is attracting some attention. There is some question as to its 
susceptibility to Fiji disease. It is not a ]xirlicularly vigorous cane and it will be 
surprising if it should be able to compete with the sturdier varieties now under 
trial. 

P.O.J. 2878 is attracting a great deal of attention in Negros. Atherton Lee, 
director of research for the Philippine Sugar Association, has reported the figures 
from some ten variety experiments in which P.O.J. 2878 was tested against Negros 
Purple, D. I. 52, Badila and New Guinea 24A, with the following results. 

P.O.J. 2878 outyielded Negros Purple in each of the nine tests in which they 
were compared. 

P.O.J. 2878 outyielded D. I. 52 in six out of eight tests. Its failure to do so 
in the other two tests is attributed to poor stands. 

P.O.J. 2878 outyielded Badila in seven out of eight tests. 

P.O.J. 2878 outyielded New Guinea 24A in each of the five tests in which they 
were compared. 

* I am indebted to Atherton Lee, director of Research for the PhUipiiine Sugar Associa- 
tion, for the estimates of acreages occupied by tho different varieties, and for other informa- 
tion and assistance. 
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These experiments consisted of ten ane-cif>hlh-acre replications of each of ihc 
varieties tested. The figures may therefore be taken as quite relialile for the condi- 
tions under whicli the respective tests were carried out. 

According to a rjsport from the Philippine Sugar Association, at least thirty 
experiments comparing P.O.J. 2878 with other varieties will be harvested in 
Negros during the coming crop. If these liear out the results from this year's tests, 
we may exjject to see P.O.J. 2878 taking its place as the leading variety in Negros 
within a very few years. 

The following table gives the 1929-1930 variery census for the Hawaiian- 
Philippine Company. While not quite tj’pical of the island as a whole it is never- 
theless of interest. 


Varioticfe 

11 01 * tares 

Per 

Noffroh Purplo 

470‘).02 

55.00 


3347JU) 

39.52 

B I. 52 

172.00 

2.0 1 

Nvw Guinea 24-A 

n;i.27 

1.34 

Now Guinea 24 

27.«2 

.33 

8. W. 3 

n. 2 i 

.13 


11,71 

.14 


23.2« 

.27 

Barbados 147 

5.24 

.00 

Wailuku No. 2 

5.01) 

.00 

E. K. 2 

5.12 

.06 

Malaga ehe 


.01 

Bose Bamboo 

1.42 

.02 

Bulilao 

.84 

,01 

P. 0. J. 2878 

24.90 

.29 

n. N. 3,v»ii > 


.03 

L. 0. 2,V1P1 


.01 


Luzon 

This island produces about 25 per cent of the total Philippine sugar crop. The 
climate of Luzon is not so well suited to cane as that of Negros. There is an ex- 
cess of moisture during llie rainy season and excessive drought during the dry 
season. 

About three-quarters of tlie cane acreage of Luzon is planted to Luzon Wliite 
and Pampanga Red. These two varieties aie believed by many to be merely color 
variations of one and die same cane. They are good all around canes, thriving 
under a wide variety of conditions, good genninators and spar.se tasselers, fairly 
drought resistant and have good juices. They ratoon poorly and are more or 
less susceptible to mosaic and to root rot, but resistant to Fiji disea.se and leaf scald. 

In spite of the fact that these canes have certain desirable qualities, those en- 
gaged in the testing of new varieties are confident that they will soon be displaced 
by some of the newer varieties. 

Negros Purple is second in importance on Luzon and occupies about one-fifth 
of the total acreage. 

Of the newer seedlings wliich are giving promise the following may be men- 
tioned : 
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Touiig cano hnffcring from drought iu Luzon. To be successful under 
Luzon conditions a variety must be able to withstand extreme drought daring 
the dry season, and excessive moisture during the rainy season. (Photo by 
J. P. Martin.) 

A cane which up to now has been designated as New Guinea 24- A, hut which 
Dr. Manuel Roxas suspects of being 147 Barbados, is being multiplied and sub- 
jected to tests as rapidly as possible. It is drought resistant and very hard. 
It bends rather than breaks in liigh winds, and suffers less from typhoon damage 
and from rat damage than most canes. 

Mauritius 1900 is another canc which is attracting attention. It is described 
as having very good juices, is markedly drought resistant, and a sixirse tasselcr. It 
is a short tliick type. One of its weaknesses is its susceptibility to mosaic. It is 
also susceptible to Fiji disease and leaf scald l)ut these two diseases can be easily 
controlled, according to the plantation men. 

P.O.J. 2878 does not look particularly outstanding on Luzon. If one may 
judge from the plantings seen here it cannot compete to best advantage under 
conditions of extreme drought or poor soil. According to Dr. Roxas it is not en- 
tirely resistant to mosaic and leaf scald and is rather susceptible to Fiji disease. It 
lasseled up to 60 per cent in 1928-1929. Tliis is considered a great disadvantage 
because the planters depend for planting material on top seed cut from their har- 
vesting fields. The fact that the native varieties rarely tassel and thus can be relied 
upon for good top seed at harvesting time is one of the principal reasons for their 
popularity. The Philippine hacenderos apparently have not learned, as those of 
Formosa have, to make planting entirely independent of harvesting by the use of 
seed nurseries to serve as a source of planting material. Seed nurseries have en- 
abled Formosa to successfully utilize P.O.J. 2725 — a variety which tassels prac- 
tically 100 per cent. 

We were told that certain fields of P.O.J. 2878 on Luzon had suffered rather 
severely from typhoon injury and contained much rotten cane when harvested. 
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On the whole P.OJ. 287S is not gaining favor on Taizon nearly so rapidly as 
on Negros. It is not impossildc, how'cver, that it may not yet prove to l)e superior 
to the present varieties. 

H 109 is being grown to a limited extent. It has the reputation of germinating 
ratlier poorly in comparison with the native varieties under the dry planting condi- 
tions commonly met with. The growers also oljject to its free tasseling. However, 
it ratoons better than most varieties under Luzon conditions and it has gotKl juices 
even at an early age. 

P.O.J. 213 is doing well on rather poor soils at Del Carmen. 

P.O.J. 2714 and P.O.J. 2727 are being tried, but neither appears outstanding. 
It is probably too dry for the former, while the latter is very susceptible to 
Fiji disease. 

P.O.J. 2725 which is doing so well under very similar conditions in Formosa 
has just been imported and is still in quarantine. 

Chinois — a Ulia cane imported from Saigon, and which Dr. Roxas believes to 
be identical with our so-called Hawaiian Uba, has given good yields in situations so 
poor that other canes refuse to grow. The factories discourage the farmers from 
planting it, however, because of the difficulties in milling. 

Yellow Caledonia was planted on rather a large .scale on Luzon several years 
ago but it proved to be susceptible to Fiji disease. The prolonged dry season, too, 
is probably not to its liking. 

AIinooro, Panay and Cpjuj 

These three islands have altogether five centrals, which grind less than 5 per 
cent of the total Philippine sugar crop. 

Mindoro has the largest acreage of H 109 in the Philippines. ''Phis variety, ac- 
cording to Mr. I-ee’s estimate, comprises about half of the total acreage there, with 
P.O.J. 213 about 20 per cent and Uha about S per cent. The native varieties, Luzon 
White and Negros Purple make up the remainder. 

The acreage on Panay is about 85 per cent Negros Puqjle, 10 per cent D. 1. 52 
and 5 per cent P.O.J. 2878. 

The acreage of Cebu is 100 per cent Negros Purple. 

Summary 

The principal variety on Negros is Negros Purple. Padila is second in im- 
portance and has been gaining in favor. More recently P.O.J. 2878 is attracting 
much attention. According to present indications it will rq^lace the varieties now 
being grown on Negros within a few years. 

Liuon White and Pampanga Red are the princiiDal varieties on Luzon. These 
are l)elieved to be color variations of one and the same cane, Negros Purple is 
second in importance. 

Mauritius 1900 and a cane known as New Guinea 24-A (147 B?) have been 
outyielding the older varieties in tests and are gaining favor. 

P.O.J. 2878 has not established itself as rapidly on Luzon as on Negros. How- 
ever, it may still prove superior to the present varieties. 



407 


H 109, P.O.J. 213 and Uba are also grown to a limited extent on Luzon. 

The plantings on Mindoro, Panay and Cebu comprise only a small percentage of 
the total. 

The Mindoro acreage consists of H 109, P.O.J. 213, Uba, Luzon White and 
Negros Purple. 

The Panay acreage is planted chiefly to Negros Purple, with a small percentage 
of D. I. 52 and P.O.J. 2878. 

The Cebu plantings consist almo.st entirely of Negros Purple. 

It is quite generally felt that the old native varieties which have dominated the 
Philippine plantings for so many years will be replaced by canes of greater yield- 
ing ability in the near future. 
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Sugar Cane Breeding in the Philippines* 


By a. J. M vngelsdorf 

Luzon Wliite and Negros Purple have long been the standard varieties in the 
Philippines. With their high sucrose content and their tolerance of unfavorable 
conditions they met very satisfactorily the needs of the industry as it was conducted 
in the old days. 

With improved field practices, however, came the desire for varieties better able 
to respond to the improved methods. This desire has supplied the necessary incen- 
tive for a beginning in cane breeding work. 

The growing of seedlings was begun by Dr. N. B. Mendiola, at the College of 
Agriculture at Los Banos, in 1919. Although seedlings were produced only in 
limited numbers as compared with some of the other sugar cane countries, much 
valuable work was done in the development of breeding methods. 

More recently the Philippine Sugar Association has undertaken a program of 
seedling production. Their first crosses were made during the 1927 and 1928 cross- 
ing season. The production of seedlings is now being prosecuted hy the Associa- 
tion on an extensive scale. 


Crossing Metuods 

The usual method of effecting crosses is similar to the one designated in the 
Java literature as free crossing. The female tassel is allowed to remain on its own 
stalk. Shortly before tasseling the female stalk may be trained along the ground 

tliat the tassel, when it emerges, will be in a convenient position for pollination. 
When the female tassel begins blooming two male tassels are cut. usually late in 
the afternoon, and are tied in a position so as to surround the female tassel as com- 
pletely as possible. 

Formerly it was considered necessary to suspend a ham1)Oo vase in such a posi- 
tion that the cut ends of the male tassels would be immersed in water. Recently, 
however, it has been found that if cut late in the afternoon the male tassels will 
shed their pollen the next morning without being placed in water. 

A second method which has been used to a limited extent is an adaptation of 
the Indian procedure of surrounding several joints of the tasseling stalk with earth, 
thus inducing it to send out roots, after which the stalk is cut below tlie “layered** 
portion and removed to an isolated spot for crossing. Instead of using a clay pot 
to hold the earth around the stalk as in India, a joint of bamboo of large diameter 
is used for this purpose. The bamlioo joint has several advantages over the Indian 
clay pot, being lighter in weight, not easily broken, and drying out less quickly. 

A third method which has been used with fair success is that of collecting Uie 
pollen from the male tassels each morning by shaking them over a sheet of Manila 
paper. The pollen so collected is then carried to the female tassels and dusted upon 

* I wish to express my thanks to Dr. Manuel L. Boxes, Dr. K B. Mendiola, and others, 

who supplied the facts reported in this paper. 



410 


the newly emerged stigmas. Good germinations are reported from tassels iDolli- 
iiated in this way. 

The sulphurous acid method of Hawaii is Ixiing followed with good success 
at Victorias. 

Crossing under hags has been used to a very limited extent only. As in most 
other countries this method has been largely replaced by others because of the pool 
germinations which usually result from l)agged tassels. 

At Los Banos, plantings of breeding canes have l)een made at elevations oL 
300 and 1500 feet on the slopes of Mt. Maqiiiling. These differences in elevation 
have been found to influence the time of tasseling to such an extent that it has l)ecn 
possible to make crosses which would have been out of the question had the two 
parent varieties l^ecn grown at the same devotion. 

Varieties Used as Parents 

In the early stages of the seedling work at Los Banos, field collected tassels 
were used and no parentage records were kept. In recent years, however, com- 
plete pedigrees have been kept of the seedlings produced. 



Di. N. B. Mendiolu, of the College of Agriculture at 
Lor Banos. Dr. Mcmdiola and Ills siudeutR Imre eon- 
tribntcid much to the progress of cano breeding in the 
Philippines. 

H 109 has l)een rather extensively used as a female parent by the Philippine 
Sugar Association because of its good juices and good ralooning alrilily. 

Hind*s Special, a cane which is grown by the Negritos in the moiuitains o£ Zani- 
bales is being extensively used as a male parent. There is some evidence that it is 
a natural hybrid between one of the noble canes and the native Philippine form of 
Saccharum spontaneum known locally as “Talahil).” Himrs Special is a hardy, 
vigorous cane and is said to have very fair juices. 

Toledo, another cane which is believed to be a chance spontaneum hybrid is also 
being used to some extent in crosses. It tends to liave poor juices but it is quite 
vigorous. 
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Baclila, contrary to ilb usual behavior in Hawaii, tassels very freely in the 
Philippines and is widely used as a male parent. 

Attempts have been made to use the Uba cancs in breeding work. l)ut as in 
Hawaii they have proved rather highly sterile and have usually given only a few 
seedlings. In 1929, however, several hundred seedlings per tassel were reported 
from Chinois, a Uba from Saigon, crossed with New Guinea 24A. 

C.A.C. 87 is a thin, vigorous cane which is 1)eing extensively used as a male 
parent in crosses with the noble canes. Like Toledo and Hind’s Special, it is l)e- 
lieved to be an accidental hybrid between one of the thick canes and Talahib. Its 
api^earance bears out this theory — ^it reseml^les Kassoer and U, S. 666 (a Kassocr 
seedling) quite closely. 

Surprisingly enough the two principal Philip^nne varieties. Luzon Wliite and 
Negros Purple have lieen little used in breeding work. These two canes have some 
desirable qualities, which if transmitted to their seedlings, should make them valu- 
able breeding material. We refer especially to their good juices and their toler- 
ance of drought and other unfavoralde conditions. The sparse tasseling of Luzon 
White is also a very desirable quality which adds interest to this cane as breeding 
material. 

More recently llie Java canes, P.O.J. 2878 and P.O J. 2883 are being used in 
crosses in the Philippines. Dr. Dwight Pierce, who was formerly associated with 
the Victoiias Milling Company of Negros, told us that P.O.J. 2883 crossed with 
Badila lias given them more promising seedlings than any other combination tried 
thus far. 

Nursery Methods and Selectjon Procedure 

I'he climate of the Philippines is, of course, much more tropical than that of 
Hawaii, and the germinating equipment, such as grcenhou.ses and heated laldes 
which we have found essential in Hawaii are unnecessary there. The fuzz is sown 
in low l)oxes, which are kept covered with panes of glass until the seedlings have 
become estaldished. 

Up to the present time it has lieen the practice to prick out the seedlings into 
other flats when they have reached the age of a month or so. At present, how- 
ever, pricking into nursery beds is being tried, as in India, and with good success. 

When they are three to five months old the seedlings are set out in the field. 
Here the rows are 40 indies apart and the seedlings are spaced 30 inches apart 
in the row. 

The first sdection is made when the seedlings are aliout a year old. Disease 
resistance is considered the most important point to he watched, Seedliiigs found 
to be infected with mosaic or other diseases are eliminated at once. The percent- 
age infected with mosaic is usually high. Seedlings from crosses involving wild 
(Saccharuw spouiaticuju) blood have been found to show a much smaller percent- 
age of mosaic infection than other crosses. 

Tasseling is considered a serious disadvantage and canes whidi tassel heavily 
are eliminated. This policy is based on the fact that tlie growers depend on the 
harvesting fields for their planting material. Tasseling results in seed which is 
unsatisfactory both in quality and quantity. 



412 


Splitting of the rind is considered a serious defect. It is believed that these 
splits permit the entrance of red rot infection. 

Erect canes are preferred — ^those which lodge are discriminated against. Lodg- 
ing usually results in serious deterioration in the Philippines, due to breaking of 
stalks, followed by rat damage and subsequent rotting. Canes of medium length 
or less, which compensate for their lack of length by free stooling are preferred 
for this reason. 

Good juices and satisfactory milling qualities are also listed among the more 
important qualities to be looked for in seedling selection. 

Out of a list of 20,000 seedlings grown by the Philippine Sugar Association 
in 1928 at Canlubang and Del Carmen, 400 (al)out 2 per cent) were retained after 
the first selection. Fifteen to twenty cuttings were taken from each and planted 
out to a second trial. No check rows were used in this second planting but we were 
told that in the future such tests will contain alternate rows of a standard variety 
for comparison. 

Number of Seedlings Produced 


While the success or failure of cane breeding work is by no means detennined 
by the number of seedlings grown, it is of interest to examine the census of seed- 
lings produced to date. 


Grown by the College of Agriculture at Los Banos : 


Year No. of HoodliugH CIrowii 

3920 ‘1,,S77 

3921 223 

1932 755 

3923 743 

3924 2,736 

3923 3,325 

1926 50,000^ 

1927 300 

3928 34,433 

1929 5,000 ’ 

Gromi by the Philippine Sugar Association at the Del Canneii and Canlubang 
Station.f 

1928 20,000 

1929 15,000 


Grown at the La Carlota Sugar Cane Experiment Station : 

Up to 3929 32,608 


Approximate total for all stations — 127,300tt 

* Of thiB number, 20,000 wore Bent to tlio Philippine Sugar Aasociation Station at 
Del Carmen and 10,000 to Paandeco. 
t Approximate. 

tt In addition to the above the Victorias Hilling Company haa produt'ied a number of 
aeodlinga, the exact figures for which are not at hand. 
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The following list shows the number of seedlings grown by the Philippine 
Sugar Association in 1929, with their parentages. It is interesting to note that a 
wide range of parents is being used including several which are highly regarded as 
breeding canes in other countries. It is evident from this list that the importation 
and use of breeding material is receiving considerable thought and attention. 


Pareiituge No. of Seedlings Set Out 

H 100 X Co. 205 (1) 7,311 

H 109 X P. S. A. 7 (2) 1,062 

n 109 X P. S. A. 143 366 

H109xP.R.A. 3 56 

ir 109 X Can© X-4 344 

J 247 (3) X Co. 205 1,340 

J 247 X Co. 205 501 

•T 247 X Hind’s Special 293 

D 1135 X Co. 205 (575 

N. G. 24A X Hind’s Special 013 

N. G. 24A X Cane X4 40 

Cebu Purple x Co. 205 192 

Lahaiua x Co. 205 19.3 

Lahaina x Co. 205 18 

Linliaiua x Hind’s Special 226 

Hahaino x C. A. C. 87 (4) 153 

Bose Bamboo x Co. 205 226 

Badila x Hind’s Si)ocinl 201 

Badila x P.S.A. 19 18 

Louisiana Striped x Co. 205 89 

P.S.A. 7xH109 84 

Manritius 1900 x Hind’s Special 77 

Q 409 (5) X Hind’s Special 77 

Q 409 X C.A.C. 87 36 

C. A. 12733 X Cano X 4 40 

niinoia X N. G. 24 A 70 

Chinois x Badila 12 

Toledo X J 247 227 

Toledo X H 109 224 

Toledo X 0. A. 12735.. 151 

Toledo X Badila 52 

Total 15,166 


BitEEDJNG Work at La Carlota .\nd Victtorias 

The following notes, kindly supplied by Dr. Roxas, give a review of the breed- 
ing work at the La Carlota Sugar Cane Experiment Station, at La Carlota, Occi- 
dental Negros. This is a Government Station under the direction of the Bureau 
of Plant Industry. 

(1) Co. = Coimbatore. 

(3) P. S. A. == Philippine Sugar Associfition. 

(3) This refers piiesumably to the Java cane 247 B, 

(4) 0. A, 0. == College of Agriculture caue. 

(fi) Q = Queensland. 
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The total nuiuher of sugar cane Bcedlings produced in the station since the hegin- 
ning of the work is 12,608. 

The total number of Boeillings eliminated so far in 10,361. 

The total number of seedlings now being propagated is 2,247. 

The five moat proiniaing seedlings are the LC 22/4, LC 25/101, l-iO 25/138, Lr 25/210 
and liC 25/476. 

The method of crossing is by natural hybridization, that is, hybridization without 
emasculation. 

The method of selection is by elimination of the poor strains. 

The qualities looked for in parents are high tonnage of cane, high sucrose con- 
tent, resist anec to j)re valent diseases and i)eHt8, resistanc'e to drought aud oxcessivo 
water, etc. 

A letter from Carlos Loesm to Dr. Roxas gives some interesting comments on 
the breeding work at the Victorias Milling Company, Occidental Negros. We 
quote from it as follows : 

This is only our third year of seedling work. My two ])romiHing seedlings of the 
first year are only on their way to i)rtlimtnaTy trial and the second year seedlings 
will not come to the test for juice quality until I'el)ruary. Bo that really there is 
hardly anything to talk about. I have even avoided montioning any results of this 
work in my report on experimental work on sugar cane. 

As to breeding methods, wo have used free crossing in the field, layering by bond 
ing the stalks in the ground and getting the two arrows to be crossed together in 
the field, potting soil around the cane stalks aud crossing under shed and finally the 
sulphurous acid method. I ])refcr this last method and utfcd it extonaively this year. 
Next year I idan to use this method exclusively i)rei)aring our stock solution in the 
laboratory'. This year Home of the soluliou we used was locally prepared and some 
from 8 per cent stock solution brought from the Blntos. Undoubtedly the solution 
loses strength on the way as we find only around 6 per cent of the sulphurous acid 
ill the solution up(ni arriving at Victorias. A breeding rack that will hold the canes 
and keep the solution bottles under cover is a great convenience. A model of such 
a rack was illuslrnted in one of Ibe rwont issues of FucIm Ahovt Auf/ar. 

We find the coinmun red Victorias soil i)crfcctly suitable for urn* in the seed 
germinating boxes. It drains well and does not harden. We mix it with some press 
cake, sterilize and sift it lief ore use. From the original seed boxes we transplant the 
seedlings in n second scries of boxes when about 4 to 6 inches high and from there 
to the field when suftlcicnt root system has developed. We use a field of red Vic- 
torias soil for growing the seedlings. Very few seedlings are lost from transplanting. 
This year I made up my mind to try transplanting from tlio original seed boxes to 
the field to save one transplanting operation, I think under conditions here this can 
be done with very little loss of seedlings. 

List of Philippine Seedling Series 

It may be well to record here the various series oE Philippine seedlinjrs; 

The P. B. (Plant Breeding) series are temporary nimihers given to selected 
seedlings by the College of Agriculture. 

The C. A. (College of Agriculture) series includes the canes which were select- 
ed and given permanent numbers during the first few years of seedling work. In 
the future those receiving permanent numbers will be designated C. A. C. (Col- 
lege of Agriculture Canes). 
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The P.S.A. seedlings are those selected by the Philippine Sugar Association. 

The L. C. seedlings are those selected by the La Carlola Sugar Cane Experi- 
ment Station. 

The C. S. E. seedlings are presumal^ly those selected by Calamba Sugar Estate. 
(This is based on surmise only — ^we have no infonnation on this series.) 

Results Obtained 

In view of the fact that the breeding work was begun only some ten years ago, 
too much cannot be expected as yet in tlie way of results. 

The testing of seedlings is a slow process, — one in which time is a very neces- 
sary element. It is only by following the performance of a seedling through a suc- 
cession of crops that its value can be determined. 

In this respect the Philippines have an advantage over Hawaii in that twelve- 
month crops are the rule as compared with our sixteen- to twen‘y-four-month 
cycles. On the other hand, the selection work there cannot proceed as rapidly as in 
Java, where only plant crops are grown. In the Philippines, as in Hawaii, ratoon- 
ing ability is an important consideration, and the necessity of testing the seedlings 
for their ratooning ability prolongs the selection period. 

Of the seedlings produced in the earlier stages of the work, a small number 
have been selected as showing promise: C.A.C. Ill, P.S.A. 3, 6, 7 and 14, C.A. 
■•2735 and 15723 are especially mentioned. 

To these should be added the La Carlota seedlings L. C. 22/4, 25/191, 25/138, 
25/210 and 25/476 and the Victorias seedling “Esperanza de Victorias.’* 

None of the above seedlings are lieing grown on an extensive scale as yet, and 
it remains to be seen whether any of them will be able to displace the present varie- 
ties. 

It seems certain, however, tliat if the breeding work is continued on its present 
scale the development of seedlings better suited to Philippine conditions than the 
canes now being grown is only a matter of lime and persistence. 

Summary 

Cane breeding in the Philippines was begun by Dr. N. B. Mendiola, of tlie Col- 
lege of Agriculture, at Los Banos, in 1919. 

Relatively few seedlings were produced during the first five or six years. Dur- 
ing this period attention was centered chiefly on the development of crossing and 
nursery technique. 

The Philippine Sugar Associa'ion now has under way a program of breeding 
work and is producing seedlings on an extensive scale. 

The La Carlota Sugar Cane Experiment Station and the Victorias Milling 
Company on Negros are also growing and testing seedlings. 

Of the local canes, Luzon Wliite, Negros PuqDle, Hind’s Special, C. A. C. 87 
and Toledo appear to have cliaracteristics which make them of special interest as 
breeding material. These together wdth the large number of varieties imported 
from other countries afford an excellent assortment of material for breeding work. 
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Between 100,000 and 200,000 seedlings have l)een grown since the heginiiiiig of 
the work. 

A few of the earlier seedlings are showing promise, and are l)eing tested 
against the present varieties. 
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An Open Letter to All Sugar Technologists^ 


At the Third Congress of the International Society of Sugar Cane Technol- 
ogists. held at Souraliaya, Java, in June, 1929, the following resolution was unani- 
mously adopted: 

Whereas, the cmrtnt tieluiieal literature on sugar cane and beet is published in n 
largo number of periodicals and often is written in a language which is only under- 
stood by a minority of the technologists or is not available in the local libraries; 

Wliereas, further recnforcemcnt of intrr(*st of oi ganizatious and of the i)erBoiinl 
members of our Aspoeiatiou is desired for further devcloiniieut of the activities of 
the Association; 

Be it resolved, that a n w pi nodical he started containing (or an exist ng period- 
ical be requested to print) adequate abstracts in the ElngliBh language, submitted hy 
the authors themselves of all technical papers of more general importance; 

And be is further rt»solved, that a committee be appointed hy the chairman to devise 
ways and means for carrying this resolution into effect. 

Publication Plan Adopted 

The committee appointed in accordance with this resolution and consisting of 
H. P. Agee (Hawaii), chainnan; K. Douwes Dekker (Java), R. Fernandez Garcia 
(Porto Rico), A. H. Rosenfeld (Lxjuisiana), and W. B. Saladin (Cuba), has 
given this project very careful consideration, and has discussed a numlier of plans. 
The first of the two methods mentioned in the resolution, viz., publication of such 
a journal under the financial responsibility of the Society itself, has been deemed 
to be impracticable in tlie present status of our Society, l^ecause the latter has no 
funds available to apply to such an undertaking, and a campaign for the needed 
funds, even though possilde in itself, would greatly delay the launching of the 
periodical. The second plan, however, appears fea.sible immediately, and the cliair- 
man of the committee, with the approval and consent of the otlier memlicrs, has 
authorized the general chairman of the Society to enter into negotiations with* 
E. W. Mayo, Editor of Facts About Sugar, A preliminary conference accord- 
ingly has been held l^elweeii Mr. Mayo and the general chainnan of the Society, 
and the former has agreed to publish all abstracts which the Society may furnish 
through any or all available channels. A section with appropriate heading will be 
set aside, and pursuant to the wishes of the committee, abstracts concerning the 
agricultural phase of the cane sugar industry will be separated from those relat- 
ing to the manufacturing side. Owing to the character of the Society, sugar beet 
growing for the present will not be considered, but it is desired to include beet 
sugar manufacture, because in the manufacturing field the problems of the two 
industries are in many instances quite similar. 

Supply of Abstracts 

Turning now to the question of the abstracts themselves, it has been the cus- 
tom with journals of a similar character to employ paid abstractors, each one of 
them taking care regularly of a certain number of journals of a certain specialized 

* Token from Facta Alfoni Suffar, Vol. XXV, Juno, 1980, pp. 579-580, 
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branch of knowledge. The Society is at ])rescnt financially una1)le to i')ursue such 
a course. But it is believed, and this belief is expressed in the text of the resolu- 
tion, that every author who is interested in having his work published and made 
known to the world is quite as much interested not only in securing as large as 
possible a circle of readers for his own publications, locally as well as imiversally, 
ijut also in having ready and convenient access to all the literature in his field 
appearing anywhere in the world, in any language. After an author has taken 
considerable time to collect his data and to put them down in words, it requires 
only an additional fraction of the time consumed to prepare an abstract giving 
ihe salient features of the article. It is often said that trained abstractors are bet- 
ter able to do this than many of the authors themselves. While this may be gen- 
erally true, the writer has noticed not a few instances where an abstractor has 
missed a point or misconstrued the statements of an author. Another important 
]^oint is that abstracts, in contradistinction to critical reviews, should be infomia- 
tive only, and the preparation of the abstracts by the autliors themselves safe- 
guards this feature. A certain amount of editing of the abstracts is necessary, 
to be sure, in order to guarantee a uniform policy; this part of the work will be 
handled by the Technical Editor of Pacts About Sugar, in cooperation with the 
(jfficers of the Society. 

The cooperation of all the sugar journals all over the world, of governmenr 
departments, experiment stations, local technologists’ associations, etc., wdll lie 
necessary and is earnestly solicited. In some cases it may lie possible to make 
special arrangements with established al)‘-tract journals to reprint abstracts of 
articles appearing in other Ilian sugar journals, which arc of interest to sugar 
lechnologis's, such as, for instance, on sugar cbcinistry, plant physiology, phytopa- 
thology, the various branches of engineering, and such like. 

The Editor of Pacts xlbout Sugar has also tifTcred to furnish reiirints of the 
abstract pages at cost, in the more handy fonii of lSx23 an., with two columns 
instead of three. An exact price per year cannot he fixed until it is known how 
much space will be required. 

Cooper \TioN Necessary to Plan 

The success of the journal will depend entirely on the interest shown and on 
the amount of cooperation given by each member of the Society and by each 
author, whether or not he is a memlier of the Society. 

The publication of the abstracts will begin as soon as a sufficient numlier is 
received by the Editor of Facts About Sugar, 153 Wavcrly Place, New York 
City, Orders for subscriptions to the reprints should also be addressed to him. 
It is intended to include all articles which have appeared since January 1, 1930, 
so as to have a complete record for the present calendar year. Authors please 
note! 

A supply of copies of tliis letter will be sent to each vice-chairman of the 
Society, and they will be requested: 

(1) To distribute these copies among the members of the Society. Addi- 
tional copies will be sent on request. 
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(2) To point out to all sugar technologists in their territory the necessity 
of sending in abstracts of all articles they pul)lish, not later than the time they 
appear in print. In some cases where publication is liable to be delayed, it will 
be preferable to forward the abstract when the article is transmitted to the pul>- 
lisher; the abstract will in such cases be held at the office of Facts About Sugar 
and the reference inserted after the article has actually been published. General 
directions concerning the nature and style of the abstracts are given below : they 
are patterned after those adopted hy Chcniical Abstracts, 

(3) To examine periodically all the technical sugar literature published in 
their territory and to ascertain whether all of it has been al)stracted and abstracts 
have been forwarded. If any articles have been omitted, tlic vice-chairman is 
requested to send the titles of them to the Editor of Facts About Sugar, prefer- 
ably accompanied l)y the abstract. 

The vice-chainnen are further requested to notify the Editor of Facts .Ibout 
Sugar, on the return card sent to them, whether they are willing to cooperate in 
the way indicated above. If for any reason they are unable to undertake these 
duties tliey are expected to appoint a committee of one or more members in their 
territory who express a willingness to act in that capacity.*** 

Any articles noted in the literature by the Technical Editor of Pacts About 
Sugar, for which articles no aijstracts have been received in a reasonalile time, 
will he reported by title only. It will therefore be to the interest of each author 
to send in abstracts promptly. The responsibility for the success of the new 
venture rests u]3on each individual sugar technologist. 

F. W. Zerban. 

General Chainnan. 

(]ENEKAL DTRItCTlONS FOR ABSTRACTING 

Nature of Abstract — ^The abstract should contain all important new informa- 
tion in sufficient detail to give a clear idea of what has been accomplished. The 
general reader should not find it necessary to refer to the original, and the speciali.st 
should be able to judge from the abstract whether or not he will have to do so. 
Abstracts of articles which originally appear in any of the less known languages, 
especially those of tlie Slav and Asiatic groups, should generally l)e given in 
greater detail. The abstracts of technical research work should not be in the 
form of summaries merely stating the subject treated and the results obtained, 
but should be analytical in nature, along the following general plan. They should 
include, in the order given, a statement of: 

(1) The purpose of the investigation. 

(2) The methods l)y which the worker has approached his subject, and by 
which he has obtained a solution of his problem. 

(3) The results actually obtained, and the conclusions drawn by the author 
of the article. 

♦ Note — ^Thc following eomniittce has been appointed to deal with abstracts for the Ilawail 
branch of the International Roeietv of Rugar Cane Tcehnologista: J. P. Martin, A. J. 
Mangobdorf, O. H. Swozoy. F. E. TIance, II. L, Lyon, W. R. McAllep. (11, P. A.) 
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Such analytical abstracts are not necessary in the case of articles whidi merely 
represent discussions, restatements, or reviews of the literature, new hooks or 
monographs, criticisms of other articles, etc. Tn these cases descriptive alistiacts 
will usually suffice, each individual instance to be judged separately by the author 
and editor 

Language — ^All the abstracts are to be published in English, but if the author 
who prepares the abstract is not sufficiently conversant with that language, they 
may be sent in in Dutch, French, German, or Spanish, and such abstracts will be 
translated through the editorial office. 

Abbreviations — No abbreviations should lie used 1)y the authors. The editor 
may introduce suitable al^lircviations, a key to which is to l>e printed in the journal 

Mamisirit»i — ^Whenever possible abstracts should be tyi^ewritteii, double spaced, 
on one side of the paper only If the author is unable to furnish typewritten 
copy, he should write as legibly as possible. 

Heading of Abstract — ^The headings should invariably lie given in the follow- 
ing order: 

(1) Title of article. 

(2) Full names of author or authors, 

(3) Name of journal. 

(4) Serial number of the vokmie of the journal. 

(5) Page number on which the article begins and page number on which it 
ends, with a da.sh l^etween the two, thus: 512-625. 

(6) Year in which the article has been published, in parentheses, thus: 
(1930). 

An example follows: 

Polarization apparatus with photo-electric indication. W. li. Dickes. Z. 
Zuckerind. Czech. Rep. 51, 379-80 (1927), 

Tables, Graphs, and Drannngs. — ^l'‘hese should 1)C used only when the informa- 
lioii cannot be given in words in less space. In some cases graphs and drawings 
may actually save space ; they should l>e sent in such fonn as to be re]*)roditciblc 
without redrawing. 

Reference — ^References to previous literature should always l)c given, to assist 
the research worker. As soon as this journal has l)ecome established, reference 
should be made to abstracts previously appearing in it. 
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Rat Control in Haw2ui 


By C. C Barnum 
Introduction 

Since the publication by tliis Station of the Entomological Series Bulletin 17, 
dealing with “The Field Rat in Hawaii and Its Control,” hy C. E. Pemberton, in 
June, 1925, there lias been nothing published in Hawaii relative to rat control 
excepting progress reports appearing from month to month in the Director's 
Monthly Letter. These progress reports first appeared in October, 1928, and 
continued until June, 1929, covenng the period during which the investigations 
herein reported were conducted. 

This paper presents a general review of previous work done here and else- 
where on rat control and. in detail, the results of an eight-month investigation on 
rat control conducted on the island of Kauai. The investigations on Kauai were 
begun at the request of J. T. Moir, Jr., manager of The Koloa Sugar Company, 
Koloa, Kauai, who offered every facility during tlie period of study for the con- 
tinuation of the problem and who put into practice during this time the piactical 
recommendations which have proved effective in controlling the rat population at 
The Koloa Sugar Company and elsewhere. 

Damage Caused by Rats 

Damage hy rats to produce and property in the United States amounts to 
about $200,000,000 annually On certain plantations in Hawaii it has been esti- 
mated that 20 per cent of the stalks showed rat injury. In one instance the 
losses were estimated on one plantation to be 25 per cent to 40 per cent of the 
crop while similar losses have doubtless been suffered by several plantations in 
other locations. The damage done by rats on the coffee plantations of Kona has 
l)een estimated at $75,000 to $100,000 annually. The rats remove entire branches 
bearing fruit and eat only the ripest coffee berries. The injury is considerable 
in that the fruit-bearing wood is lost as well as the crop. The losses in grain 
and food materials stored in bams and ^^^^ellOuses throughout the Territory are 
often considerable. 


Kinds of Rats 

There are in Hawaii three distinct species of field rats, which are classified as 
follows : 

The gray rat, Rattus norvcgiciis (Erxlelen). 

The black rat, Rattus rattus (Linn.). 

The white-bellied black rat, Rattus rattus alexandrinus (Geoffroy). 

The gray rat is predominant and is the largest of all at maturity. It eats the 
most food. A large gray rat will eat one pound of sugar cane daily. Three 
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healthy acliilt wild |>ray rats were Cciiif»ht and separately ca^ed. Itach rat was fed 
daily for six successive days <uie pound of suf^ar cane which was cut into short 
lengths and split o])en to facilitate mastication. I^ach rat was i)rovidcd with a 
daily supply of drinking water. On the seventh day the cane had all been eaten 
in each cage. Under field conditions ])robal)ly more cane is consumed daily hy 
each mature rat. 

The tail of the gray rat is shorter than his body and the ears arc smaller than 
those of the Idack rat. This rat is variously named the brown rat, wharf rat. 
sewer rat, migratory rat, or Norway rat. The average ])ody weight of an adult 
gray rat is 32S grams or 0.7 pound. 

The black rat, or house rat. eats almost as much sugar cane per day as the gray 
rat, but is somewhat smaller in si7e. The white-bellied tree or roof rat is a suh- 
s])ecies of the black rat. Both the latter rats have tails longer than the l)odies 
and have very large prominent ears. Pemberton (1) slates that the three species of 
rats above named, were inlroducecl into Hawaii by sailing ships in the nineteenth 
century. 

The practically extinct native Hawaiian rat, Rattiis hazuaiieusis, as descril)ed 
and named by Stone (2), may still exist on outlying coral islands and reefs, but is 
extremely rare throughout the inliabiled parts of the islands. Living specimens of 
this species have been trapped in 1915 and 1917. 

Rats vnd Budonic Pi.acutk 

All rats may carry (leas. Rats are subject to bubonic idaguc. IHcas carry 
bubonic ]dague genns from rat to rat. When a rat dies of idague the tleas leave 
the dead body and iircferably move to the body of a living wann-blooded animal. 
Should srich fleas choose a human being as host that individual would probably 
be bitten l)y the fleas in a short time. Such bites often result in the developmeni 
of plague symptoms within a few hours. A person afTected with plague seldom 
recovers. The rats examined hy Pemberton (1) at Houokaa carried the true 
jdague flea, Xcnopsylla chcopsis fRothchild). On one rat thirty-two plague fleas 
were found. The “Black Death” of London in 1665 was a very severe epidemic 
of bubonic plague in which over half of the population of I-rondon was wiped 
out. The rats acted as mechanical carriers of the disease and the fleas as trans- 
mitters of the infection. The causal organism of plague, Bacillus peslis, fonns 
such large groups of bacilli as to plug up the entrance to the stomach of the flea. 
As pointed out by McCallimi (3) in his text, such fleas lieing constantly hungry, 
vrill bite again and again, each time transferring plague badlli to the victim. 

Plague exists at present along the Hilo and Hamakua coasts of Hawaii, and 
so far as known at present nowhere else in the Territory of Hawaii. I'^lague 
first appeared on the island of Hawaii in Hilo in 1900, when five human cases 
occurred. Eleven people died of plague on the Hamakua coast in 1922. Eight 
persons died of plague during the year ending June 30, 1928, as rqDorted in the 
Annual Report of the President of the Board of Health of the Territory of Ha- 
Mraai for that period. The Territorial Board of Health maintains, under the super- 
vision of C. Qiarlock, Chief Sanitary Inspector, a lalioratory at Hilo to which 
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all rats trapped along the Hilo and Hainakua coasts are shipped daily. The rats 
are dissected and carefully examined each day at the laboratory in Hilo. Every 
rat is lagged at the time of removal from the traps ; the tag indicates the exact 
location where each rat was trapped. The bodies of these rats are examined 
for any symptoms of plague. Should any lesions be found that would indicate 
a case of plague, direct inoculations are immediately made into guinea pigs kept 
for this purpose. Laboratory tests are also made to detennine the presence of 
the plague bacillus in the lesions. During the year ending Jime 30, 1928, twelve 
rodent plague cases were determined. 

Should these guinea pig inoculations prove positive the region where this par- 
ticular rat was caught is heavily poisoned or extensively trapped, or both, in order 
to exterminate the rat iX)pulation in that locality as soon as possilile. The con- 
stant systematic investigations of the Board of Health have undoubtedly prevented 
severe epidemics of plague during recent years. Peml)erton (1) holds that plague- 
infected rats are more numerous in dry years than in similar periods of heavy 
rainfall. 


Breeding Habits 

Rats multiply rapidly. A single pair of rats may produce a progeny of 800 
rats in a single year. This is due to the early maturity of the young. Sexual 
maturity is reached at 3 to 4 months. The period of gestation is 21 days. The 
average litter of young is 10. 

The ratio of males to females is generally considered about equal. Of rats 
trapped in Hawaii, the majority have been females. 

Natural Enemies of Rats 

Dogs and cats are common enemies of rats and doubtless kill many. Dogs, 
especially at harvest time, kill large numliers of rats in the harvest fields. The 
effect on the rat po])ulation is, however, negligible. 

Pemberton ( 1 ) points out the value of the mongoose, Herpestes grisciis, in 
rat control. This animal, a native of India, was introduced into Jamaica in 1872. 
The mongoose was introduced into Hawaii, Maui and Oahu in 1883 direct from 
Jmnaica, West Indies, for the purpose of controlling the rats. No introductions 
were then made or have since been made into Kauai. The result has been that 
the ob.served rat damage on Kauai in 1927 and 1928 was uniformly liigher than 
on either Oahu, Maui or Hawaii. 

Pemberton (1) in determining the diet of the mongoose, found tliat it con- 
sisted primarily of rats, mice and cockroaches. In some countries rats are par- 
tially controlled 1)y snakes. No snakes exist in Hawmi and will not be admitted 
to these islands under the present quarantine regulations. 

Rat Abundance 

Due to the rapid multiplication of rats under the favorable conditions of climate 
and environment in Hawaii, the number of living rats in cane fields at harvest 
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time is often unl)elieva1)le. In one field at Grove Farm Company on Kauai, over 
2000 live rats were dug out of the ground and killed by men and dogs after the 
crop had l)een removed early in 1929. At the Lihiie Plantation Co., Ltd., on 
Kauai, the harvesting gangs are followed by men and dogs to kill the rats. 
Since 1922 the Grove Farm Co. has trapped rats, for the first two years using 
five men steadily and thereafter using only one man throughout the year. The 
f ollovdng table presents tlie facts in this instance : 



Number of 

Avorage Number of Raia 

Average Number Rats 

Ycnr 

Rats Caught 

(^au^bt per Month 

per Trap ]»er Month 

1922.. 



1,929 

.... 

1028.. 

35,200 

2,939 

.... 

1924., 

8,920 

744 

7.44 

192i) , 

8,724 

725 

7.25 

192fl.. 

8,470 

705 

7.05 

1927. 

9 945 

828 

8.28 

1928. , 

6,674 

556 

5.56 


Average numbor of lats caught per moiilh per tiiip for beveii yoais, 7.11. 

Since July, 1929, the numlxir of rats caught per month has fallen off con- 
siderably due to the very thorough distribution of poison during the spring months 
of 1929. E. H. W. Broadbent, manager of Grove Fann Company, has made a 
continuous fight against rats during the i'>ast 10 years and his cooperation in the 
< xi}erimcnlal use of the various poisons and new methods of distribution utilized 
in the recent campaign against rats lias been of great benefit to all concerned. 

On Kipu Plantation on Kauai during the year 1928 a total of 10,935 rat.s were 
trapped on field borders and killed in the liarvest fields. Through the use of the 
recently developed tlialUum rat ixrison the ral poinilation of Ki]m has decreased 
and the percentage of ral-caten canes coming to the mill has been decidedly reduced. 

Nesting Habits 

Rock piles, waste land, woodland, and any kind of shelter provide nesting 
places for rats. In the coffee district the lava rocks in and about the coffee plant- 
ings provide excellent hiding places, especially tlie stone walls surrounding the 
fields. The nests of the field rats in cane fields are largely under the ridges be- 
tween the lines of cane as well as in stone walls and rock jiiles. The rats i')rovide 
nesting places which will not be submerged by irrigation or excess rain. A por- 
tion of the runway is usually al)ove the water level. Burrows may extend several 
feet along the line of cane. The nests are usually 6-8 inches in diameter and 
lined with dry grass or cane trash. 

Food Habits 

In rat depredations on coffee lands tlie rats ait off the young branches loaded 
with coffee, drop these to the ground and eat only part of the fruit. They thus 
injure more than they eat. The greatest damage is caused l^y the removal of the 
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fruiting branches. In avocado culture ratb eat portions of attached fruits, thus 
debtro3dng large quantities. 

In cane fields the small part of the stalk usually eaten is insignificant, yet the 
entire stalk may die and as a result of fungus invasion, decay, and yitld little or 
no sugar. Rats may eat practically all of one stalk or all of several in one stool. 
The feeding is mostly nocturnal. Once the rat has located a satisfactory mature 
stalk he returns successive nights to the same stool of cane, until all stalks are 
eaten, in part at least. Other stools near by are then selected and destroyed. This 
results in the lodging of the cane and finally at harvest, a great numiDer of dead 
stalks which liave been cut off by the rats are left in the fields. This dead cane 
must be destroyed by burning, or be removed from the field before starting the 
succeeding ratoon crop of cane. Where rat damage has been severe it has often 
been estimated that 10 to 12 tons of cane per acre were left on the land after 
liarvest. In addition to the sugar loss there is also the additional expense of 
destroying this dead cane material to be added to the actual loss caused by rat 
injury. In addition a great deal of the partially rat-chewed canes has been sent 
to the mill. Rat-chewed cane has been shown to be often so badly injured as to 
yield only 50 per cent of the sugar that the same weight of healthy cane would 
have yielded. 

The extensive investigations conducted at the Paauhau Sugar Plantation Com- 
pany on the 1924 crop and reported by Elliott (4) are by far the most complete 
of available records of damages resulting from rat infestation of sugar cane fields. 
In this work 26 experiments were conducted, each of which comprised 10 acres. 
Elliott found tliat 32 per cent of the cane at harvest was partially eaten by rats. 
Estimating the losses of sugar at 4.50 cents per lb., it was detcmiined that the 
average losses caused by the rats amounted to $33.35 per acre, or $1.04 for each 
1 per cent of rat-injured cane. It was also very clearly shown that approximately 
two tons more of rat-injured cane was required to produce a ton of sugar than 
was required of healthy sound cane. 

Elliott (5) conducted further tests on the 1927 crop at Paauhau Sugar Plan- 
tation Company consisting of a total of 169 ex])eriments on rat-damaged cane. 
The crops of 14 fields were intensively studied. Including the stalks which were 
both rat-eaten and borer-damaged with those rat-eaten only, stalk counts indicated 
that the total averaged 13.67 per cent. The sugar lost in the rat-injured canes 
amoiuited to 17.52 per cait. These investigations were confined largely to D 1135 
cane. 

Recent investigations conducted by Van Zwaluwenburg during February, 1930, 
on rat and borer damage to cane at Paauhau Sugar Plantation Company indicated 
that both rat and borer damage increased rapidly after the canes were 16 months 
oM. It was determined by actual count tliat the percentage of rat-eaten and borer- 
damaged stalks averaged 22 per cent in D 1135 cane over 17 months old. 

This figure corresponds with that obtained by the writer on Kauai where coimts 
of rat-eaten canes were made in the harvest fields. The average of these counts 
made in rat-infested fields was found to be 22.5 per cent. Several thousand stalks 
were counted in this work on six plantations. 



Counts o£ rat-injured cane sticks or pieces of cane at the niillh, reported by 
McQeery and Elliott for the 1930 crop, show a decrease in rat damage over counts 
made on previous crops. Counts were made at 29 mills by members of the staff 
of the department of sugar technology during the grinding of the 1930 crop. 

In the report on these counts, made by McCleery under date of July 30, 1930, 
the approximate percentages of rat-injured canes for the four islands appear as 
follow : 


ApPROXIM.VTK PERCENTAC5E.S Ol-’ RaT-TNJ tTREI) StU’KS OBSERVED 

Crop 19.10 


Islands N«. of Milih Iinpofiod fVr CV»1 Iiijuivd (^unos 

Kiiniil ^ ^*1 

Oahu 

Maui o 1.3 

Ilnwnii 1 2.0 


Coluits made in previous years by this department have not been as ccjinprehen- 
sive as this and comparative figures for previous years are ncjt available. 

The losses in sugar caused by rat depredations can 1)c calculated as 0.140 per 
cent of total prol)able sugar for each 1 per cent of rat-damaged cane coming lo 
the mill. This figure has been derived by Elliott, from canc analyses made at 
Paauliau Sugar Plantation &)mpany. 

Rats cannot live on sugar cane alone. There is not sufficient protein in cane to 
sup])ly the animal needs, l^ts must, therefore, eat insects and seeds of various 
plants, including those of weeds and grasses. The ready availability of such food 
assures the rats of a good livelihood and under such conditions nats will nuiltiidy 
rapidly. The kni)wlc<lge that rats demand a protein diet led to the use of poison- 
ed grain for rat bait. At Honokaa Sugar Company where a .systematic scheme 
was develoi^ed to poison rats with prepared liails, strychnine-treated wheat was 
used extensively. 

Rat Control Methods 

The Use of Traps: 

Trapping is far too expensive, and never has l)een successful in Hawaii in con- 
trolling rats in the cane field. Extensive trapping has been conducted continuously 
for several years on the plantations along the Hamakna Coast of Hawaii. Here 
the average number of rats caught per trap per month lias never been higher than 
seven and has often been as low as one rat per trap per month. This condition is 
not due to a scarcity of rats, necessarily. 

The Use of Vims: 

The tlieory that rats can he inoculated or infected with a l)acillu.s which will 
cause an epidemic of a widespread nature in the rat population of a region badly 
rat-infested has been advanced. On the other hand rat.s have been plague victims 
for generations and yet we have innumerable rats. 

Pemberton (1), of this Station, seaired direct from the Agricultural Ex- 
periment Station at Sugamo, Tokyo, Japan, on Dccemlier 8, 1922, fresh cultures 
of the bacilli of Loeffier, Danysz and Mereshkowsky. In Japan, sucli viruses have 
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been reported as having been successfully used against rats and mice. These cul- 
tures were added to baits which were tested on caged wild rats at Honokaa but all 
attempts to create disease epidemics among these rats failed. Both rats and mice 
were fed freshly prepared cultures as well as the commercial preparations, without 
success. If the negative results so obtained were due to age of the cultures in 
question, this alone would make the use of such preparations impossilJe here in 
Hawaii. A representative of a mainland drug firm was sent out to Honokaa, l>ring' 
ing with him fresh cultures of rat virus and he, in cooperation with Mr. Pemljer- 
ton, conducted tests on living rats without success. The work done by Mr. Pem- 
berton is considered conclusive and since that time no further investigations have 
been made with any forms of rat virus in Hawaii. In spite of the pul^licily given 
to rat virus and its much-advertised control of rats, there is little foundation for 
the statements made regarding its successful use. The United States Biological 
Survey in 1925, reports the annual expenditure in the United States of $500,000 
for bacterial rat viruses. 

A danger from rat virus is pointed out by Dean (6) as follows: 

Revere enaea of food poi«oiiiug have lieeii traced to producta arising from the 
growth of the rat (virua) orgnuiams which have gotten into food products and grown 
there. Tt is iirol)ably true that thoste rat parasites will not attack man, but it appears 
that when thev grow in various media outside the bodies of rats, substnneoH are pro- 
duced which are poisonous to man. Infected rats, liofore they die, are likely to spread 
the infesting organism rather generally about the neighborhood, in fact the offoctive- 
nesa of this method of extermination depends on spread of the infection. As Dr. .f. 

Geiger says, a cannery is a poor place 1o attempt the control of rats by such menuH. 

In the most recent Inilletin on rat control by Silver (7) the author points out 
that on account of dangers incurred in human food poisoning attributed to rat 
viruses, two State Boards of Health have prohibited the sale of rat viruses within 
the slates. He reports tlie majority of rat vims tests, conducted by bacteriologists 
of the United Slates Department of Agriculture, to have been practically ineffective 
and unsalis factory. 

The Study of Rat Poisons: 

A great deal of work has been done on the problem of poison rat baits. I'he 
United States Biological Survey has conducted extensive feeding tests and field 
trials with various poison baits for rat control during the past twenty years. Their 
work has pointed toward the use of strychm'ne, baritun carbonate and more recently 
to red squills for the control of rats. The most recent work on squills for rat 
poison is that by Munch, Silver and Horn (8). Red squills consists of the dried, 
powdered bulbous root of squill, Uryinca maritima (L) Baker, also called U. scilla 
Sleinheil. It is a perennial plant growing wild on the coast of southern Italy, 
Sicily, Sardinia and elsewhere along the Mediterranean Sea. The l)ul])s are pear 
shaped, usually from 3 to 6 inches in diameter, weigh from 300 to 2000 grams and 
are composed of closely overlapping fleshy scales. The l)ulbs are dried and ground 
to a fine powder. When mixed with attractive bait this material is said to be very 
toxic to rats but does not kill domestic animals, including poultry. Red squills is 
toxic to rats while white squills powder is not poisonous. 
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Laiilz (9) of the United Stales IHological Survey indicates a very suitable 
slryclmine whole wheat forninla for control of prairie do^s. This formula has l)cen 
adopted as a particularly good one for prqDarations of strychninc-wheat rat poisons 
and has been more recently modified for use in preparing the thalHutn sulfate- 
treated wheat. This fonnula, when prepared according to our modifications, pro- 
vided a paste carrying the toxic substance which fonned a closely adhering veneer 
on the seed coats of tlie wheat grains. This coating withstood exceedingly vigor- 
ous agitation and retained the strychnine content without apprecialdc lf)ss. 

The fonnula of Lantz with slight modifications in the fonnula and methods fol- 
lows: 


AIODfFIKD StKYCIININF-WuKAT FORMULA 


Procedure 

Disholvc l)y 
foiling lo minutes 
Add 
Add 

Rtir and add 
(Keeping hot) 

Add 

Add and stir 
Thin to i)roper con- 
sistency with 
Pour and mix thor- 
oughly with clean 
Kiiwe container to 
reraennp paste with 
nnd add to wheat. 


Ingredients 

Laundry starch 
in water 

fitryclmine alkaloid 
Baking soda 
Thick syrup 
(Corn syrup) 
Glyceiine 
Saccharine 


Amount Originally 
Judical 0(1 by 
Biological Ruivoy 
1 lablesimoiiful 
pint 
1 ounce 
1 ounce 
Vi pint 

1 tablesiioonful 
1/10 ounce 


E<iuiva1ent Weight 
In Grams or 
Volumes in CON. 
0.0 gms. 

354.0 ec. 

28.85 gnis. 

28.S5 gniH. 

118 <*c. or 175.7 gms. 

24 gins. 

2.8.1 gnifl. 


ITot water (Hufiicient to make a creamy paste) 

Whole wheat 1.8 (jts. =22.75 Iba. 10.828 gms. 

Water (Approximately) 50 c(*. 

Hjiread treated wheat to dry without further agitation. 


Artificial heat lias been most succcs.sfully used in drying these iircparalions. 
When thoroughly dry the treated grain may lie roughly handled without appreci- 
able loss of strychnine alkaloid. This point has l)cen iiroved by chemical 'incilyses 
of samples so prepared in which the percentage of strychnine alkaloid before 
sliaking was 0.240 per cent ; after vigorous shaking two identical samples ‘•howecl 
0.234 and 0.238 per cent slrydmine alkaloid, respectively. 

WTiole wheat treated according to the above fonnula is foiuid to l>e well covered 
wdth a shellac-like coating when viewed with the low power of the com- 
pound microscope. The crystals of insoluble strychnine alkaloid may be seen em- 
bedded firmly in this glossy paste coating. The sweetening of the preparation de- 
tracts somewhat from the exceedingly bitter taste of strychnine alkaloid ]^repara- 
tions. 

The work done on rat control in Hawaii was initialed by W. P. Na<iuin, man- 
ager of Honokaa Sugar Company and Pacific Sugar Mill, in 1918. At that lime 
counts of rat-injured canes in the fields at Honokaa indicated lliat )x?lween 30 and 
40 per cent of the stalks of cane had been damaged by rats. As pointed out by F. 
Muir, entomologist of this Station, in his letter to the director at the time of sub- 
mitting the paper by Pemberton (1) on “The Field Rat in Hawaii and Its 
Control,” Mr. Naquin was the first plantation manager to start an intensive cam- 
paign of rat poisoning. It was early found that commercial rat poisons then avail- 
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a])le on the market were not entirely satisfactory, were too expensive for general 
use and that the preparations quickly moulded when exposed during rainy weather 
for rat consumption in the open fields. Tests were conducted at Honokaa Sugar 
Company which indicated that home-made strychnine alkaloid-treated whole wheat 
and l^arium cakes were satisfactory economical poison baits for use in the fields. It 
was observed that the very rapid deterioration of these baits in the field necessitated 
some form of protection. It was Mr. Naquin who developed the paraffine-dipped 
paper '^torpedo” for wheat distribution and the paraffin-dipped barium cakes, both 
of which were rainproof for a time sufficiently long to make the use of such treated 
])aits practical. 

It was Mr. Naquin’s early observation from feeding tests on hundreds of caged 
wild rats and from field trials with poison baits, both of which were conducted at 
Honokaa Sugar Company, that many rats were immune to strychnine poison in die 
usual dosage and that other rats refused to eat the strychnine-coated grains. There 
was, however, a large proportion of the rat population which ate freely of the 
strychnine preparations and succimilied to its toxic properties. For the relatively 
large numl)er of stiyxhniiie-immune rats, it was determined that Imrium carlwnate 
cakes would prove toxic, provided the rats could be induced to eat tliem. There- 
fore, the Honokaa Sugar Company adopted the policy of alternating the two 
poisons in their thorough field distributions. Gangs of men were sent jieriodically 
through every fifth to tenth consecutive line in every field of cane, distrihiiting 
either paraffin-dipped paper torpedoes of stryclinine-wheat or paraffin-dipped 
barium cakes every few feet along the way. In this manner the entire plantation 
cane area was swept with poison at 30 to 60-day intervals. Both poison prepara- 
tions were made on the plantation very cheaply. This system, developed at Hono- 
kaa Sugar Company, proved highly successful in reducing rat losses to a minimum. 
Mr. Pemberton, who went to Honokaa at the request of Mr. Naquin, cooperated 
in this investigation. Mr. Pemberton conducted a scries of tests on 428 caged wild 
rats at Honokaa during 1922 and 1923. A great number of different kinds of 
baits and poisons were tried. Many, such as arsenic, red squills, phosphorus and 
cyanide were tried and regarded as unsatisfactory. The best results were obtained 
with strychnine alkaloid and terium carbonate. 

The strychnine was used in association with whole wheat or barley. The barium 
was prepared as barium cake made of 1 part barium carbonate to 4 parts of wheat 
middlings, made into a heavy paste with the addition of water, rolled into thin 
layers, cut into small cakes and dried thoroughly. These cakes were then dipped 
in hoi paraffin to waterproof the material. 

Attractivenkss of B.\jt 

Much emphasis has been falsely placed on odors and flavors as attractive fac- 
tors in rat bait preparation. Boulenger (10) points out that of 27 different kinds 
of foodstuffs, including bread, meat and fish of various kinds, vegetables, oils and 
fruits, ordinary bread was the most attractive both to caged rats and to rats at 
large. Cereals, fruits, meats and oils, in the order named were less attractive ihan 
bread. The author states ; 
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Pood fiihilly d.ivoLod with oils of UluMiiuin iiinl Anise whmI, instead of imjnoving 
the Imit had the eoiitraiy ofTcet. . - . 

(^)ntrnry to the slatenieuts in many i>ookM on the suhjeet of lat doBtiuetion, meat, 
except tiixm, and fish, even ndi*ii wnoked, were only accepted wlum no other food was 
nvailiihle. 

Stanley P. Youn{>, of the United Slates Hiological Survey, slates, in a letter lo 

this Experiment Station January 3, 1929, that “the sense of smell is not 

as well developed in the rat as in many of our other animals. We have been unable 
lo find any value in the use of odors to attract rats to baits The claief odor- 

ous rat repellant is naphtlialene.” Highly odorous bails arc not necessarily more 
attractive than those less odorous. Soft, odorous meat liaits have proved highly at- 
tractive to ants and roaches, and have consequently proved correspondingly less 
attractive as rat baits. Dry cereal bails do not attract ants and are attractive to 
rats. 

Commercial Uses of Rvt Poisons 

The Honokaa Sugar Company at Hoiiokaa, Hawaii, has prepared on the plan- 
tation both a strychnine-wheat Ixiit and liarium cakes during the i^ast seven years. 
At each distribution the entire iilantalion was covered by placing baits at frequent 
intervals in every fifth or tenth line of cane. 

The result of this camixiigii has been a reduction in amount of rat-injured cane 
coming to the mill. The amount of rat-injured cane which prevailed before the 
rat campaign at Honokaa estimated at 25 \)cr cent (»f the stalks. It was less 
than 4 per cent at the beginning of the 1929 crop. The home manufacture of 
str\xhnine-wheal has provide<l the tilantatioii with a rat bait having a strychnine 
content approximately 0.301 i)cr cent, which has been soniewliat higher than any 
of the commercial preparations at present on the niarkel. I'he United Slates 
Biological Survey published in 1925 a statement to the elTccl that the annual ex- 
penditure for cliemical rat poisons in the United States amounts to $1,380,000 and 
tliat the total annual expenditure for rat control is mure than $2,000,000. 

The recommended strychnine content of strychnine-coated rat liails has been 
set at 0.25 per cent by the United States Biological Survey, which has done a great 
deal of work on the subject of rat liaits. Some of the commercial rat baits offered 
by manufacturers of strychnine-wheat rat liait analyze less than 0.25 per cent 
stryclmine. 

On Kauai, during 1928, well over 90 tons of strychnine-wheat were used by die 
several plantations concerned in rat control. The control obtained by the use of 
these large quantities of strychnine-wheal was not at all commensurate with the 
cost of bait and distribution. Rat injury continued and losses amounted to as 
much as 10 to 12 tons per acre of dead cane which was often left in the fields, in 
addition to the vast amoimt of xjartially eaten cane taken to the mill. Additional 
labor costs were inciurred in either burning or removing this mass of dead cane 
from the harvest fields. 

The milling of such partially eaten and often soured canes resulted in extremely 
poor juices and lowered the sugar yields considerably. These losses became so 
marked that J. T. lloir, Jr., manager of the Koloa Sugar Company asked lo have 
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an investigation conducted during the summer of 1928 to determine better methods 
of control of the rat population on Kauai. 

Rat lNVESTiG\TroN ov EIaitai 

A preliminary survey was made during September, 1928, and rat feeding uests 
were begun on wild rats retained captive in screen cages at Koloa Sugar Company. 
Tests were conducted to determine the toxic value of the packages of strychnine- 
wheat, called “torpedoes,*' which were being dislriliuted in the cane fields at that 
time. These packages containing one heaping teaspoonful of wheat each, were 
wrapped in single sheets of toilet paper and dipped in melted paraffin to make them 
waterproof. 

It was early determined that rats preferred to eat the packaged wheat that had 
not been dipped in paraffin, rather than the dipped torpedoes. Tt was al.so soon 
discovered that the undipped packages were more poisonous than the dipped pack- 
ages. Rats which were fed torpedoes of strychnine-wheat which had not been 
dipped in paraffin often died after eating a single such torpedo. Similar rats were 
able to eat several dipped torpedoes before d3nng and Ihe time interval before death 
was often two or three times as great as for the rats fed undipped torpedoes. 

The cause was found to be partially due to the fact that the paraffin had i)ene- 
trated the thin tissue paper package and coated the wheat grains as well as the 
paper. Since the rat a^e tlie grains without removing the wax from the seed coats, 
the coating of strychnine on the seed coat was sealed over with wax, and, since 
paraffin wax is indigestible, the strychnine layer beneath the wax coating was held 
in an indigestible matrix. This condition thus made the poison value of these 
packages very low, since such a small portion of the wheat was free f)f paraffin. 
It was found tliat only 25 per cent of the wheal in such toqiedoes was free of 
paraffin. 

In addition to this indigestible feature of the strychnine coating on the grain 
contained in such waxed toq)edoes, the results of analyses made by the chemistry 
department of the Experiment Station showed that the strychnine content of much 
of the strychnine-wheat then being used ran as low as 0.14 per cent. Tliis condi- 
tion was found to be due to the non-adherence of the applied strychnine alkaloid, 
which, being insoluble in water, was made to adhere to the grains through the use 
of a cold starch paste. It was also found that starcli which had been boiled for 15 
minutes in order to break down the starch grains became extremely adhesive. 
Strychnine alkaloid could not be easily removed from wheat grains which had l)een 
treated with a paste composed of the drug mixed in a boiled starch paste. It was 
found that sucli preparations should be dried without agitation by artificial heat. 
Through the adoption of these changes the strychnine content of the rat liait soon 
rose to 0.25 per cent. The large amount of analytical work done by Fred Hans- 
son, of tlie chemistry department of the Experiment Station, involved the .strych- 
nine analysis of 67 separate samples. 

Observance of Rat Immunity to Strycunine 

Subsequent to this change in the mode of preparing strychnine-wheat rat l;ait, 
it was found that certain rats were able to consume large quantities of strychnine- 
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wheat without suffering an} discomfort whatever. Fifty-four torj^edoes of 
strychnine-wheat were fed to one black rat retained in a screen cage. All were 
eaten by the rat during the 59 days in captivity. He finally died after eating a 
portion of a barium cake. The Honokaa Sug:ar Company reports having fed one 
black rat with strychnine-wheat torpedoes only for six months. In the following 
table are the strychnine-wheat-consumption records of 114 rats many of which 
finally died subsequent to eating single barium cakes or parts thereof. 


Number 

Numboi of Stryelminc- 

Number of 

of 

Whejit Toipedoefi Eaton 

Piiyfl in Test 

Bats 

by Each Bat 

Before Death 

1 

35 

42 

1 

13 

14 

1 

11 

14 

3 

10 

11 

8 

8 each 

(Average) 16 eiicli 

1 

C 

(Aveiage) 16 

10 

5 each 

. . 

12 

4 each 

. . 

27 

3 each 

. . 

67 

2 each 

, . 


At all times caged rats were provided daily with fresh-cut sugar cane, and water 
in tin containers. To the rats which were found to l)e immmie to strychnine poison 
we fed barium cakes, but it was soon found that it was necessary to deprive these 
rats of all other forms of food before they would eat even a, small portion of the 
barium cakes. Whenever such rats ate even .small fragments of l)ariiim cake, death 
resulted in a short lime. 

Cage Tests Wjtxi Strychnine Wheat 

In the cage tests conducted on Kauai with rat poisons of vari<jus kinds a total 
of 483 wild rats and mice were used. Of these a total of 12 rats escaped by chew- 
ing at the sides of the box until they were free. A total of 60 rats died of injuries 
received in trapping or catching them or from natural causes. Poiaon tests were 
therefore completed on 411 wild rodents. The rats used in the test were classified 


as follows : 

SpocicB Number 

RattuB norvegieuB 827 

Battus rattuB 21 

BattuB alexandriuus 

Mug musculna (micc> 7 

Undetermined 2 

Total 453 


During the testing period several kinds of poison baits w’ere used. The numl)er 
of rats dying from ingestion of the separate poisons are as follows : 

Bats polBoned with Btrychnine 212 

Bats poiBoned with barium 75 

Bata^poiaoiied with thallium 124 


Total number of rats poiaoned 


411 
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Each rat was given a serial number when caged and was placed in a clean, 
screened box in which was placed a can of water, several pieces of split sugar cane 
and one or more torpedoes of the poison preparation under test. Rats num1>ered I 
to 240 were fed strychnine, which was often followed l>y barium. The average 
toxic dose of commercial strychnine-wheat for these rats was 2.5 toq^edoes and 
the average life of the rats was 5.6 days. 

In the tests conducted with strychnine-wheat prepared by the United Slates 
Biological Survey formula 82 rats were tested. The average number of torpedoes 
eaten by these rats was 1.4 and the rats lived an average of 5.4 days before the 
poison proved toxic. Tests were conducted with the commercial strychnine-wheat 
prepared by the local factory. Toq^cdoes were made of two kinds of paper. The 
cheap toilet paper, paraffin-dipped torpedoes were less toxic than torpedoes of ihc 
same size and of the same material prepared of a thin white parchment paper called 
“Fibrespim Bond” which did not allow the melted paraffin to penetrate the imper. 
The results were as follow : 

Comparison op Eppuuenc's op Parappin-Dipped Torpedoes 

Knula of Paper Uaert Average Number of Tor- Average Life of Buts 
for Torpedo })efloca Eaten i>or Rni During Test 

Shasta Toilet Paper. .T 8 days 

Fibrespuii Bond Paper l.d 8.4 dayH 

In the search for better adhesive materials for causing adhesion of the strych- 
nine crystals to the seed coats of the grains ordinary glue was used. Caq>entcr’s 
white fish glue was added in place of starch, using 0.78 per cent by weight. This 
poison preparation was fed to 18 wild rats, in tliis instance having the torix^does 
prepared from wax paper, not dipped in paraffin. The average number of tor- 
pedoes eaten by these rats was 1.3, and the average elapsed lime l)efore death of 
the rats was observed was 4 days. This preparation was by far the most rapid and 
effective rat bait prepared from .strychnine and wheat. The glue was prolmbly 
more rapidly digested in the gastric juices than tlie starch iwiste adliesive material 
usually used. 

The tests conducted witli a commercial strychnine-wheat bait produced on the 
mainland were limited to 7 rats. Six of these rats ate an average of two torpedoes 
each and lived an average of 7 days under test. One rat ate 12 torpedoes and fin- 
ally died after eating one thallium sulphate-wheat torpedo. 

The tests conducted with the home-made strychnine-wheat prepared l)y the 
McBryde Sugar Company, Limited, were made on 21 wild rats. These rats ate 
an average of 1.5 torpedoes and suiwived only 3 days. This preparation was made 
on the plantation by using 5 ozs. of strychnine to each 100 lbs. of crushed barley. 
This concentration was slightly higher tlian lias been usually used. 

Cage Tests With Barjcjm Carbonate Preparations 

Barium-coated wheat was tried but the caged rats hesitated several days before 
eating such bait. A barrel of wheat was treated with 2 per cent barium carbonate, 
using the adhesive materials as recommended in the United States Biological Sur- 
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vey fonniila for strychnine-whcat lo serve as a l)incler for the poison. Field tests 
were conducted on several plantations but without success. Rats at large did not eat 
freely of these torpedoes. Feeding tests on caged rats were conducted on 12 wild 
rats at Koloa. These 12 rats ate 16.4 toq^edoes prepared with this material wrapped 
in “Fibrespun Bond” paper and dipped in paraffin. 1'hey lived a total of 97 days. 
The average toxic dose was 1 3 torpedoes and the average length of time the rats 
were under test was S days before death w^as observed. Barium carbonate was 
mixed vnth dry ground meat scraps but rats refused lo eat these prepara- 
tions. Melted cheese scraps obtained fnmi the Atlas Warehouse and Cold Storage 
Company, Green Bay, Wisconsin, were tested as a bait with which 20 per cent 
of l)amim carbonate was thoroughly mixed. wSuch bait was made up into small 
12-15 gram paper packages or toq^edoes which were fed to caged rats. None of 
this material was eaten by the rats. Fre-baiting with cheese torpedoes free of 
poison was tried. The rats did not relish the cheese. Such baits were extremely 
attractive to ants, however. 

Canned fish, too soft for ordinary trade purposes, was tried as a bait mixed 
with barium carbonate. Rats did not relish this preparation. y\nts always found 
the packages in the fields and quickly ate the fish contents. 

No case was observed wherein any rat even nibbled of a barium cake until all 
o'her food liacl been previously removed from the cage. This preparation was 
apparently very distasteful to rats. It was observed that most rats dying from 
Imrium poison were found in or near the water container within the cage. No cake 
was entirely eaten by rats ; lethal results were produced by ingestion of only slight 
fragnients. Tlie marked dislike f(3r preparations containing barium carbonate was 
a general observation of all tests with this preparation. 

The strychnine-wheal prepared according to tlie United Slates Biological Sur- 
vey f(3rmula proved far more toxic than the hail previously used, yet it did not kill 
those rats that were immune to strychnine. The McBryde Sugar Company, 1 Ud., 
at Eleele, Kauai, cooperated in feeding tests of poison iKiits. Keith 'Tester, former 
agriculturist for that plantarion, conducted a large number of tests with various 
poisons placed in feeding shelters in the fields where the rat.s were tree lo come 
and go. His tests in part arc summarized in the following table : 

Preparation of Bait Average Poreentago nenu)V(»(l 

Htryehnine Imrley and fish (wot) Ofi 

C^orn men], barium and flab (wet) ffl 

Rtrychninc barley (dry) 100 

‘Com meal and barium carbonate (d.ry) 0 

At the stations where fish ’'prei)arationa were fed the ants and cockroaches were 
big factors in removing the liait. Feeding shelters are well adapted for easily ac- 
cessible rock piles and along stone walls but for general field distribution of rat 
baits, the expense of preparing shelters of wood and roofing paper plus the cost 
of placing them in the field and recovering them later does not seem warranted. 

Torpedo distribution of poison in attractive paper packets has proved cheaper 
and equally effective. 

Strychnine barley with and without animal fat added was fed in shelters Lo 
wild rats in the field. Very slight preference was shown for the grain treated with 
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fat. It was observed also that aiits prevailed wherever fat-covered wheat was ex- 
posed. This condition made such l)ails less attractive than the fat- free Ixiits. 

Mr. Tester’s feeding of wild caged rats with strychnine baits and barium baits 
fijupported all the tests carried on at Koloa Sugar Company by the writer. The 
cooperation of the McBryde Sugar Company and of Mr. Tester has l)een greatly 
appreciated in this project. 

A summarized table follows in which all the tests conducted on Kauai with the 
various forms of strychnine-wheat and barium carbonate preparations are listed. 


Poison Bait Fed 
to r«god Hats 


Nuiii])cr of Average uuuiher of Averag'e Number of 
Rats Tested Torpedoes Eaten Days Hat Survived 


'Commereial Btryehnine wheat (Old 

formula) J't" 

Strychnine wheat (Biological Sur- 
vey formula) K2 

McBryde Sugar Co., strychnine 

barley 21 

Makoe Sugar Co., commercial 

strychnine wheat (5 

Strychnine wheat with glue 18 

Whole wheat plus 2% barium 

carbunote 12 

tBarium mixtures after strychnine 

wheat torpedoes 52 

Barium mixtures only 11 


1.8 

1.4 

1.5 

2.0 

1.3 

1.3 

Strychnine 2.1 
Barium 1 . 2 

Variable 


4.0 
5.4 

3.0 

7.0 

4.0 

8.0 

7.0 

8.0 


Total. 


287 rats 


Average 6.2 days 


A search was made for a poison that would replace strychnine and yet not be 
too expensive. Such a poison was found and developed during this work. 

Tests With Thallium Sulfate 

Trials were conducled during March, 1929, with the first thallium-treated 
wheat prepararions to be u.'^ed in Hawaii. The thallium sulfate was used at the 
rate of 1 lb. to 1000 lbs. of whole wheal and tlie results obtained in cage tests were 
very satisfactory. All caged wild rats subsequently fed thallium-treated wheat 
died from the poisonous effect of this higlily toxic salt, even in these small quan- 
tities. Increasing the amount of poison to one pound of thallium sulfate for 
each 750 lbs. of whole wheat gave no l)etler results than were obtained vritli the 
weaker concentration. The content of the package or torpedo was maintained at 
one teaspoonful of the treated wheat, which permitted the preparation of 45 to 50 
torpedoes per pound of dry rat bait. 

A total of 124 wild rats, held captive in cages, was fed thallium-treated wheal. 
An average of one torpedo was eaten by each rat and the average life of the rat 

* Commercial strychuine wheat prepared according to our old formula at the factory 
in Honolulu has been used extensively for the last few years. 

t These tests were often started with several kinds of stryehntuc-wheat preparations 
and one or more forms of barium preparations placed before the caged rat in order to 
determine rat preferences for such baits. In other cases the barium was given after 
several stryclmine-wheat torpedoes had been eaten without lethal results. 
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after feeding thivS preparation was 3 days. All rats to which this poison has been 
fed in cages have eaten the preparation. No rat refused to eat the preparation in 
these tests. 

The tests conducted on caged wild rats were limited in nuinl^ers of individuals 
used principally l^cause of the difficulty in trapping wild rats. The symptoms of 
thallium poisoning on rats under obser\’ation were extremely easy to detect. With- 
in 24 hours after eating thallium baits the rats apt^eared to be blind, were extreme- 
ly inactive and were unable to control the muscles of the hind legs. All rats poison- 
ed by thallium exhilnted extreme cases of cataract of the eyes, and the eyes were 
watery at death. A summarized ta1)lc of results of our feeding tests in cages fol- 
lows : 


No. of 

Ratio of 

No. of ToriK'clocs 

No. of Days 

Averiiftc No. 

Bats 

Thallium Sulfato 

Plot oil by 

Elnpsed Before 

of Days 

Tested 

to Wheiit 

tho Oroup Dentil Wsis Obsoived 

1)PT Kilt 

6 

1-1000 

7.5 

20 

3.3 

37 

1 1000 

41.2 

114 

3.0 

4.5 

1-730 

3S.0 

132 

2.H 

14 

MOOO 

16.0 

33 

2.3 

in 

1-730 

16.0 

45 

2.8 

6 

1 1000 

6.0 

30 

(5.5 

Total 124 nits 


124.7 torpedoes 

.3«3 (liiyH 



A^veiagc nnmboT toriuMWB cattMi por rat 1.0 

Average number of ilayn rat liveil 3.(1 


At McBryde Sugar C'omiiany, TJmitcd, Mr. Tester fed 16 caged wild rats ijach 
one torpedo of thallium-treated wheat ( 1-1000 conccnlralion). The single torpedo 
was toxic in each case and the average life of the nits in the cages was 2.3 days. 

The observed difference in lime required for toxic results with the higher con- 
centration of the poison indicated that the stronger dose acted the quickest. Hut 
inasmuch as all rats which were fed tlialliiim j^reparations died in due time llie 
value of the lower concentration is fully justified, ll is also more eccmomical lo 
prepare and is apparently equally as effectual as the higher conccnlralion of poison. 

The thallium-treated wheat was the most readily taken of all the bails tested 
and caused the deatli of the individual rats in the shortest observed lime. Further- 
more, a lesser quantity of the poison bail was required to kill the rats than was 
needed for any other preparation tested. 

The work done by Munch (11) on thallimn poisoning is the most recent on this 
subject. He found that the minimum lethal dose (M. L, D.) for rats was 25 milli- 
gprams of thallium per 1000 grains of body weight. When intravenously injected 
into rabbits the M.L.D. is the same. He slates that although thallium 
sulfate is occasionally given to children (medically) in doses of 8 mg. per kilo- 
gram of body weight, it has caused toxic reactions even in doses half that size. 
Thallium affects the sympathetic nervous system, thereby causing alopecia, pains 
in the muscles and nerves of the legs, and disturl^ances of the endocrine glands, 
particularly the ovaries or testicles. Thallium is cumulative in action; tolerance 
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does not develop in animals. Thallium is a certain, l)ut not a rapid, poison for 
rats.” 

The average weight of an adult gray rat is approximately 325 grams. There- 
fore the M.L.D. for such rats would be 8.3 milligrams of thallimii. Toqjedoes 
prepared from the 1 to 1000 concentration of thallium sulfate-treated wheat which 
contain not more than 10 to 12 grams of bait would therefore carry a slightly ex- 
cessive dose of thallium which would insure toxic results when eaten entire by a 
single rat. Such torpedoes can be prepared by making 45 packets per pound of 
treated wheat, each containing approximately 10 grams of grain. Larger torpedoes 
are wasteful, especially if the grains are free of paraffin, which may penetrate the 
lighter, more porous tissue paper wrappers. Tough non-porous paper is, there- 
fore, I)est for preparing torpedoes of rat bait. 

At the present time all plantations in Hawaii using rat poison in large quanti- 
ties are u.sing thallium-treated wheat exclusively. Where this poison has 1)een 
thoroughly distributed in badly rat-infested cane areas the heavy feeding of rats 
has practically ceased within a -week after such di.stribution. A second distribution 
of this preparation has usually eliminated ffie rat population of such areas. 

The formula adopted in Hawaii for preparing thallium sulfate-treated wheat 
is simply a slight modification of the strychnine-wheat formula appearing under 
the heading “The Study of Rat Poisons.” The substitution of thallium sulfate 
for stry'chnine alkaloid necessitated a few changes in technique and in equipment. 

Iron or copper containers should nez'er be tised for preparing solutions of tlial- 
lium sulfate. Glass, porcelain or lead containers only should be used to avoid de- 
composition of the thallium sulfate. Boiling the solution for any length of time 
should be strictly avoided as well. At such temperatures the decrepitation (or 
tendency to ‘‘splatter" ) of die solution makes handling of the preparation danger- 
ous. The starch, however, must be boiled for 15 minutes in order to break down 
the starch grains. The non-poisonous ingredients may then be added to tlie boil- 
ing starch paste and thoroughly mixed. In conclusion the thallium sulfate may 
lie dissolved in sufficient hot water and mixed thoroughly with the paste prepara- 
tion. Proportionate parts of the paste preparation are then removed and poured 
over equivalent amounts of clean whole wheat and thoroughly mixed. The wetted 
grain is then spread to dry, preferably in the presence of artificial heat, in order 
to prevent moulding imder unfavorable conditions of air-diying. 

The following formula is the one at present successfully being used in the 
preparation of thallium sulfate-treated wheat for rat bait. No operators should 
attempt to prepare large quantities of this preparation witliout the protection oj 
rubber gloves. 
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MODIPIKI) TiULLHIW HlTTiKVTF-WllKAT FORMULA 


TngrcdioiitB 

Starch 

Water 

Baking soda 
Thiek syrup 
Qtyeerlno 
Sacekariiio 
Thallium sulfate 


Whole wheat 


Small Lot, Amounts in 
Amounts drams or (’C’ *h 
1 tal)leB])oonful 9.0 gins. 

% pt. 354.0 ee. 

1 ouneo 28.35 gma. 

^ pt. 118 ee. = 1 75.7 guih. 

1 tahlcBpoonful 24 gma. 

1/10 ounce 2.83 gms. 

(in warm water) 10.328 gms. 


13 qts. or 

22% Iba. 10328 gniB. 


Treated grain to be hjirend i 


Ton Lot, 

A mount H Procedure 

2.0 lbs. 

0.8 gals. Add and boll for 15 min- 
utes. 

5.5 lbs. Stir and boil. 

2.3 gals. Stir and boil. 

4.6 lbs. Stir. 

8 o»s. Stir. 

2 lbs. First diHSolve in hot wa- 
ter. Mix thoroughly af- 
ter adding to ])aRte. 

Paste is added to small 
2000 lbs. lots in proportionate 
amounts and thorough- 
ly mixed. 

[liately for drying. 


OAUTION: Do not allow this w)lution or jiaste to come in contact with the hkiii until 
after dicing. 


History, Source and Uses of Thallium 

Thallium, one of the rare elements, was discovered by Crookes in 1863. The 
name, thallium, means green, due to the foniiation of a green line in the spectrum. 
Tlialliuin bums with a green flame. The element occurs in various ores which also 
contain sulphur. The chemical symbol is T1 ; the atomic weight is 204.0. 

Most of the commercial thallium sulfate used tcjclay comes from Germany. It 
is a by-product of smelters. The form used is the Ihallous sulfate, which is more 
stable than the thalUc fonn. During the past two years a great deal of thallium 
sulfate has l)een used in California in control of ground squirrels, but the amount 
of thallium sulphate used per ton of wheat has been 10 limes as much a.s we are 
using per ton of wheat prepared for rat bait. 

Due to a monopoly of tlic product, the imiy)rted chemical sells at a price which 
varies from $11.00 to $15.00 per pound. Even though this price seems high, the 
small amount needed to prepare a ton of wheat, i.e., 2 lbs., is not as costly as the 
usual amount of strychnine alkaloid used per ton of wheat. There is a saving of 
at least $20.00 per ton for poison material used. 


Thallium vs a Drug 

This dnig was formerly used tlierapeutically in cases of night .sweats of 
])hthisis. It has 1)een extensively used as a depilatory agent. The therapeutic use 
of tliallium has been discontinued on account of tlie severe cases of human i)oison- 
ing which have resulted. A great deal of work has been done by German and 
French investigators on the subject of thallium as a drug and as a poison. The 
S 3 rmptoms of thallium poisoning are summarized by Munch (11) in his reference 
to the work of Kaps (12) as follows : “A short period of excessive gaslro-intestinal 
pain, emesis, nausea, colic and diarrhea which soon changes to obstinate constipa- 
tion ; disorders of the central and vegetative nervous systems ; degeneration of the 
heart, liver and kidneys/* 
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The symptoms of thallium poisoning are somewhat similar to those of lead 
poisoning, although distinguishable. General symptoms are reduction in vision, 
cataract, nephritis, alopecia, and endocrine disturliances of various sorts. The dis- 
coiitiiniance of thallium as a medicine is certainly warranted. 

Toxicity of Tuallium Baits to Otfier Animals 

Thallium-treated wheat has l)een held responsible for the death of iioultry, 
turkeys, and horses during the past year. Whenever such rat baits are to be placed 
close to camps or poiil'ry runs where the fowls are allowed ordinarily to run at 
large, the fowls should either lie penned up during the lime the poison is distrib- 
uted or at least until the rats have taken the poison. Horses have been allowed 
access to bags of thallium-wheat and have died from eating the torpedoes. 

^^'’he^e poultry have plenty of available food at all times there is less danger 
of their taking thallium-wheat baits in toqiedoes. 

Tests were conducted on two young roosters in which they were fed thallium- 
treated wheat. Five torpedoes were taken by each chicken in the course of 26 days 
without any s3miptoms of ])oisoning during that time. Only one torpedo was offer- 
ed to each roos'er on any one day of the test. Had they not been able to get plenty 
of other grain tlie results might have been different. These torpedoes were pur- 
posely opened for the chickens at time of feeding. Three white rats were caged 
and fed one toqiedo each. Within three days all rats were dead. The torpedoes 
were all from the same lot. 

Tests were conducted on Giinese pheasants in relation to the lo>cicity of 
tliallium sulfate-treated wheat torpedoes through the cooperation of J. M. Kelly, 
chief fish and game warden of the Territory of Hawaii. Toriiedoes were sent to 
the Territorial Game Farm where tests were conducted by Irwin H, Wilson.’ Two 
adult pheasants and two two-month old pheasants were iienned and fed thalliuin- 
wheat toqiedoes unopened, lliese were not touched by the birds during 48 hours. 
Other torpedoes were opened and placed in the cages with other grain feed. The 
pheasants lived 13 days during which time only slight amounts of poisoned grain 
were eaten. No birds liecamc ill. Six wild rats were caged and fed three similar 
thallium-wheat torpedoes. Within two days after caging and feeding the rats were 
dead. 

Antidotes for Thallium Poisoning 

Very little is known relative to specific antidotes for tliallium. The Bayer Com- 
pany who market a thallium paste preparation known as “Zelio,'* wliich they recom- 
mend very highly for domestic rat control, stales as follows : “Antidote : Call a 
physician. While waiting, ihduce vomiting by inserting the finger in the liack of 
the throat. Give an emetic, such as mustard or salt dissolved in warm water. Fol- 
low vomiting with Epsom or Glauber salts.” 

Braun-Knecht-Heimann Company, manufacturing chemists of San Francisco, 
recommend the following antidote ; “Give large dose of Epsom salts in solution of 
water. Empty stomach as soon as possible by use of stomach tube or emetics.” 

Buschke, Duchan and Joseph, (13) have investigated the value of sodium thio- 
sulfate as an antidote against thallium poisoning. Mice fed sodium thiosulfate 
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for 14 days consecutively died within 2 or 3 days after being given subcutaneously 
a known lethal dose of tliallium sulfate. 

Where the sodium thiosulfate was given to mice hy injection for 14 days prior 
to injection of known lethal doses of thallium acetate, the mice died within 2 or 
3 days Several mice given simultaneous injections of Ixith thallium acetate and 
sodium thiosulfate remained alive. One mouse weighing 21 grams, having re- 
ceived 1.4 mgs of the thallium, died. 

Fifteen rats were treated in a similar manner with parallel results The authors 
feel that there is no certain basis for using sodium thiosulfate as an antidote. 

Buschke (14) states that experiments conducted by himself and Dr. Joseph 
have been negative up to Decemlier, 1928. He points out that the therapeutic 
action of thallium is not lessened by ministrations of sodiimi thiosulfate. Tn 
Russia a great spread of a fungous disease of the hair has brought about recently 
the use of thallium salts in medical control The use of sodium thiosulfate to 
prevent acute cases of thallium poisoning has been studied by Mrongowius and 
Duchan (IS). Sodium thiosulfate (Na^S^O,) has been shown by others to he 
an antidote for arsenic, mercury and thallium. Experiments conducted on chil- 
dren from 12 to 18 years of age, who were patients at the hospital for skin dis- 
eases, indicated that symptoms of thallium poisoning following thallium acetate 
doses were absent when the patients were given, per oruni, 1 to 1.5 gms. of sodium 
thiosulfate daily. Symptoms of poisoning vanished when sodium tliiosulfate 
antidotes were given for four successive days. Further tests were not conducted. 
There seems to he evidence to show that in cases of slight poisoning with Ihallittm 
salts alleviation of pain can be ol)tained in human beings with 1 to l.S gram doses 
of sodium thiosulfate dissolved in water and taken inlcniallv. 

Dangers Tnvoi.vi:t) in H\nt)lin(; Thallium 

Thallium is very poisonous to man and though it was once used as a drug, this 
practice has been discontinued on account of the ill effects observed in medical 
practice. 

"WTien in aqueous solution, thallium sulfate is readily absorlied through the 
skin and is especially dangerous when handled continuously. Such contacts often 
result in lameness, and falling of the hair. After a time the liair usually is re- 
placed TOth a new growth. 

For those who are handling this poison in an aqueous solution, the use of rub- 
ber gloves is recommended. For those who handle the dry thallium-treated wheat, 
frequent washing of the hands and as little skin contact witli the poison-coated 
grain as possible, is recommended. Frequent washing of the hands and thorough 
drying are essential to safety in handling this preparation. 

The Packaging of Rat Batts 

Several kinds of paper are at present used for making rat bait torpedoes. The 
cheap flat sheets of toilet paper so much used give better service where two sheets 
are used for each torpedo. There is less penetration of the hot wax through the 
two sheets of paper. The paraflBn should be kept constantly at a temperature 
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slightly above 120° C. dunng the dipping' process. The torpedoes are held in the 
hands of the operator by the twisted tops and simply immersed momentarily in the 
hot wax and after draining for a short time are allowed to cool on large 
trays. When cool the torpedoes are put into bags for fielcj distribution. Heating 
of the wax may be secured by the use of a kerosene heater or an electric plate. 

A better grade of thin white paper has l^en successfully used for the prepara- 
tion of torpedoes There is little penetration of the hot paraffin through this l^et- 
ter grade of paper and though the paper may cost a little more than the thin toilet 
paper sheets there is less absorption of paraffin and consequently less cost 
for paraffin used in the dipping process. 

The white paper torpedoes have the advantage of greater visibility in the cane 
field than have the brown tissue paper dipped torpedoes This is an advantage 
to both rats and man. The paraffin coating is primarily made as a protec- 
tion against rain, 

Tn a torpedo which has not been dipped in paraffin the wheat will loecome 
mouldy very quickly during or after a rain. Such mouldy grain will not be eaten 
by rats. Where rainfall is of very rare occurrence, waxed paper sheets are satis- 
factorily used for making torpedoes. These need not be dipped in hot wax. 

Ordinary glassine paper is sometimes used for torpedo-making but a slight 
shower will cause these torpedoes to become untwisted and later allow rain to reach 
the wrapped grain. Mould will soon overgrow such packages of grain. The size 
of the sheets of paper used in making torpedoes varies with the grade of ixiper 
used. A sheet of paper 5x5 inches makes a very suitable torpedo. The size is 
usually determined by the most advantageous cutting of tlie large sheets of slock 
paper. These sheets usually measure 22 x 36 inches and can be cut without waste 
into 28 smaller sheets of uniform size. 

For convenience and speed in preparing torpedoes a “shaper" has l^een devised. 
This device consists of a 1 by 10 inch cylinder of wood attached in a vertical posi- 
tion on a board platform. The upper end of the cylinder should he rounded off 
to form a hemispherical top. The sheets of paper to 1:>e sliapcd are placed singly 
directly over the rounded top and shaped down over the cylinder quickly witli the 
other hand of the operator. This produces a cup-shaped receptacle into which the 
measured dose of rat bait is poured and the paper then twisted to form the torpedo. 
One operator can usually sliape enough single paper ‘‘cups” for several workers 
to fill and finish. 


Field Distribution of R\t Bait 

Rat bait should be placed near the feeding places of rats. Heavy distribution 
of baits should be around rock piles in which many rats are living. As long as tlie 
applied torpedoes are all eaten the indications are that more rats may l^e present. 
Repeated distribution of poison should be made mthin two weeks after ffie first 
application provided indications are present that rats are still feeding on cane in 
that particular field or region. Irrigators, carrying small bags of torpedoes, often 
aid in poison distribution by dropping torpedoes where necessary. 
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Frcciuent inspection of the interior parts ot the cane fields should be made and 
on finding fresh evidences of rat feeding, poison should lx: distributed thoroughly, 
leaving at least one torpedo close by each stool of cane found to be recently partially 
eaten. Recent feeding can be detenninerl by tlie light color of the freshly chewed 
sections of stalk. With age the partially chewed regions on the stalks take on a 
darker color. This is due to oxidation and the attacks of various organisms, in- 
cluding Imcteria, yeasts and fungi. 

Rats prefer fairly mature cane which has a fair sugar content. They will not 
feed on very young plant or ratoon growth. Ma'ure cane fields are the usual 
haunts of field rats. When the harvesting has l)een completed the rats which occu- 
pied the cane areas are forced to migrate to other suitable-aged canes for food 
supplies. This is a very logical tinii to apply poison in the fields to which the rats 
move, because the young cane in such fields will usually be upright and can lx: 
easily ijispected and poison applied. 

Even ill cases of extremely heavy rat infestation, where thorough poison dis- 
tribution has been made, very few, if any, dead rats will l)e found. Rats poisoned 
by thallium retreat to the darkest comers before dying. The l)est indication of 
the efficiency of this poison is the cessation of fresh injuries on growing canes. 

Poison application on any plantation should he in the hands of one individual 
who will have charge of the distribution of poison where needed. Rat poison dis- 
tribution on a sugar plantation should be a year-round process and will under such 
conditions very rapidly reduce rat damage to a minimum. 

A(' K NOWLr.i k; m k nts 

The \viriler is indebted to John Whelan, of the sugar technology department of 
this Station, for a very accurate translation of the (lennau papers cited herein. 

Much credit is due to the cooperation of J. P. Langley and R. H. McLennan, 
of the depaitment of agriculture of this Station, for their assistance in feeding, 
recording and testing of many of the rats during these experiments. 

Summary 

1. Previous investigations on rat control in Hawaii and elsewhere are re- 
viewed. 

2. Rats in Hawaii are limited to three species : Kaifits non^cgkus, /?. raUus 
and R. rattus alexandrinus. 

3. Partial control of rats is obtained in Hawaii through the activitie.s of the 
mongoose. 

4. Recent investigations have shown that many rats are immune to strychnine 
poison, 

5. Barium carbonate prepararions are not attractive to rats, although very 
toxic even in small doses. 

6. A modified formula for preparing strychnine alkaloid-treated wheat is 
presented, A glue-strychnine-wheat formula which proved effective is also men- 
tioned. 
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7. Iiivebtigations have shown that one pound of thallium sulfate per 1000 lbs. 
of whole wheat makes a satisfactory rat bait. formula for preparation is 
presented. 

8. Tlialliuin-treated wheat in these concentrations was toxic to all rats tested. 

9. One 10-gram portion of such preparation is a lethal dose for an adult rat. 

10. Such portions, wrapped in paper torpedoes and dipped in melted paraffin 
make excellent waterproof packages for field distribution. 

11. Wherever such torpedoes of thallium-treated wheat are adequately dis- 
tributed in rat-infested regions satisfactory lethal results have been obtained. 

12. This rat bait has been adopted for regular plantation practice to control 
the rat popula ion in Hawaii. Success has attended its use. 

13. Antidotes are not well known, bnt sodium thiosulfate has l^een recom- 
mended. 
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Cane Growth Studies at Waipio Substation 


EXPERIMENT E 
By Arthur Ayres 

At the time the 1929 issue of the Rcl>orts of ihc Associaiiou of Hatuaiian Sugar 
Technologists went to print, while the harvesting of this experiment was complete, 
the chemical analyses of the samples taken were not. Hence, only a preliminary 
report, under the above title, hy G. R. Stewart and J. A. Verret, was included in 
that issue. 

The harvest data as presented by them (corrected to cover certain errors in 
calculation pertaining to final extraction of water from the samples that found 
their vvay into the above-mentioned paper) plus the analytical results of the last 
three liarvests, recently completed, form the basis of this i^aper. 

No attempt will be made in the present paper to thoroughly interpret the data 
presented herein. This article will constitute, rather, a brief outline of the experi- 
ment, with frequent references to the preliminary report, followed by a somewhat 
varied presentation of the analytical, in conjunction with the harvest data, and 
such observations by the writer as may seem appropriate. 

Referring to Messrs. Stewart and Verret’s article for a description of the 
experiment ; 

This experiment waa originally planned and laid ont l>y the agrieultnral depnrtnieiit 
for the purpose of studying the yield of eane and sugai given hy the II 109 variety when 
planted nt different periods of the year. The eliemical department was given the 
opportunity of studying the mineral cumjiosition of the c*ano luit vested in thoho growth 
studios. ... ^ 

The scheme of the exiieriment as laid out hy the agriculturists was to harvcM n 
aeiies of five plots of enne of giaduated age, at equal growth periods, throughout a space 
of time equal to thirty growth months. At the first period of harvest the planting of 
the cane had been so adjusted that the cane on the five plots had grown for periods of time 
equivalent to three growth months, six giowth month p, nine growth months and twelve 
growth months. In addition, the weight and composition of the sood cane which would 
have been employed on one plot weie likewise dotermined. At the second peiiod of harvest 
the cane was aged three growth months, six growth months, nine growth mouths, twclvo 
growth months, and fifteen growth months. At each successive time of cropping the 
youngest plot taken off was three giowth months older than at the preceding harvest. It 
should be eleaily understood that the calendar months between each harvesting period 
woie in some eases lougei than three monihs, and in other cases shorter than three calendar 
months. 

The last sentence is confusing. Probably tlie authors meant “growth montlis’’ 
instead of “calendar months” where the latter term first appears in the sentence. 
In some instances, in the older plots, there were considerable quantities of dead 
cane. Where this was the case, samples were selected for an^ysis. Each plot 
comprised 1/40 of an acre. 
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The yield data lor millable cane, toph and leaves, trash, and dead cane, on hotli 
a fresh and a dry basis are ])resented in Tal)lc I. The yield of suj>ar is included in 
this table. These results liave all Iieen calculated to an acreage basis. The data 
are presented graphically in Figs. 1 and 2. 

The graphs included in this paper have been worked out on the same prin- 
ciple as those in the report by Messrs. Stewart and Verret. Again referring to 
their paper : 

In piepaiing those graijliH eueli crop hiia been followed through its gi’owth ut eiwdi 
fcueeesaive period of hniveat, Tima crop No. 1 ia the rro]) whieh was aood cane at the 
pel 10(1 of the fimt hnri’cst. Thin crop was three months old at the second hniveat, and so 
on up to eighteen inontha at tin* final hai vesting date for thia ciop. Chop No. 2 leiipeseuts 
the plot which wua thiee niontha old at the fliat date of haiv(‘hl, tuid finally leachod an 
age of twenty ore montlis at the last eiopping date. This method of grouping the yield 
troni the different plota appeared to be raoie logical than aiinply to group all the xdots 
together which hiid the siiine age at the lime o± cutting. 

The feitilizatioii of all the plota waa enni(»d out on the following plan: i’ljur weeka 
aftei planting, each plot received an nppUcatioii of Waipio complete fertilizer containing 
10 pel cent nitrogen (N), 7 per cent phoaphate (PaO;,), and 7 por cent potash aa KgO, at 
the late of 1000 pounds per acre. Six weeka latei, or ten weeks after idanting, each idot 
waa given a feitilization with ammonium auliihnte, at the rate of 585 pounds per acre. The 
foitilization waa completed by applying ammonium sulphate, twelve weeks later, at the 
rate of 488 pounda pei acre. The total nutrient a aup]diod hy this acheiue conaiated of 323 
pouncia of nitrogen, 70 pounda of PoO-,, and 70 pounds KoO per acre. 

The chemical composition of the millahle cane, toj^s and leaves, trash, and dead 
cane, on a water free liasis, is given in Tables I la, lEb, Uc and I Id, resiiecLively. 

The numl3er of pounds, per acre, of potash taken up hy the stalks and l)y the 
entire plant, less roots, for all five crops, is prc^iented graphically in Fig. 3. Values 
for the latter include tlie nutrients found in the accom])anying trash and dead cane. 
Corresponding comparisons for phosphate and nitrogen arc given in h^gs. 4 and 5, 
respectively. Tt is of interest to note in these three graphs tliat the jihosphate 
content of the stalks rises notably during the last three months jmor to harvest. 
This is also true of potash, with one exception, whereas, the nitrogen content drops, 
during the same period, in every case. In order to show, in a somewhat simpler 
form, the relationship between the potash, phosphate and nitrogen requirements 
of the cane plant, less roots, the amounts of these nutrients taken up have been aver- 
aged. according to the age of the plant, and presented graphically in Fig. 6. The 
curve for potash, in this figure, brings forcibly to notice the tremendous demand 
made upon the soil for this nutrient, nmning in the oldest crop to well over 800 
pounds i)er acre. This demand is very insistent in the early stages of growth, the 
plant absorbing nearly 160 pounds per acre between the ages of three and six 
, growth months. The demand for nitrogen after twelve months is nearly constant, 
whereas, that for potash and phosphate increases constantly and, at certain ages, 

' very sharply. In Fig. 7 is shown the relationship between the amounts of magnesia, 
lime and silica taken up by the millable cane of the various crops. 

In Fig. 8 a companson is made of the amounts per acre of six diiFerenf 
nutrients taken up by the whole plant, less roots. Here again the curves represent 
the average values for the various crops. The demand made upon the soil for 
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phosphate, nitrogen and lime appears quite nuderate when compared wi h that for 
potash. 

Since the jneld of cane and sugar varies appreciably with the d’fferent crops, a 
basis for comparing the mineral nutrients extracted by them wa.s worked out on a 
per ton sugar basis. Figs. 9 and 10 show graphically the amounts o^ phosphate, 
potash and nitrogen per ton sugar, found in the millable cane of all five crops. 
Information of this nature may prove of value as an aid in detennining the mjst 
economical time for harvesting from the standpoint of the mineral nutrien's con- 
tained in the cane. 


Summary 

While the amounts of mineral nutrients absorbed by the crq) cannot be used 
as an absolute measure of its fertilizer requirements, the curves .showing the quan- 
tities of nutrients taken up, indicate the insistent demand of the plant for phosphate, 
nitrogen and especially potash, during the early stages of growth. 

Comparing the oldest completely fertilized crops in the periodic harvesting 
study at Oahu Sugar Company, Ltd. (reported in Reports of the Association of 
HaiL<aiian Sugar Technologists, 1929), with the average of crops of equal age in 
this experiment, we find the potash taken up per acre by the whole plant, less roots, 
in these two studies to be practically identical. The crops at Oahu Sugar Company, 
Ltd., took up a much larger amount of nitrogen and an .appreciably smaller amount 
of phosphate than corresponding crops at Waipio. It is felt tliat much valuable in- 
formation could be obtained by a thorough and intelligent comparison of these two 
experiments. 

(Noic: The words ‘‘le.ss roots" should appear in the explanations on Figs. 3, 
4, 5. 6. 8.) 



TABLE I 

Periodic HArvesOng Besulta, Experiment E, Walpl Babstatlon 
Besnlts Expressed as Tons and as Pounds per Acre — Eaili Plot 1/40 Acre 
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Bate of 
narvest 
2/15/28 


5/26/28 


7/28/28 


0/21/28 


2/15/20 


5/22/29 


7/23/29 


TABLE Ila 

Ohemlcal Composltloii of Oane, Dry Baals 


l>er cent Per cent Per cent Per cent Per cent Per cent I^cr cent 



Age 

Crop 

Ash 

SiOg 

CaO 

KoO 

MgO 

P2O3 

N 

Heed Cane 

1 

1.89 

0.44 

0.065 

0.09 

0.39 

0.086 

O.S0 

3 

months 

2 

. . • ■ 

.... 


.... 

.... 

... . 

.... 

6 

months 

3 

2.61 

0.60 

0.060 

0.97 

0.19 

0.12 

0.36 

0 

mouths 

4 

3.50 

0.46 

0.070 

0.39 

0.18 

0.076 

0.20 

12 

months 

5 

2.03 

0.37 

0.056 

0.88 

U.16 

0.097 

0.25 

3 

months 

1 

■ • • . 

.... 


.... 

.... 


.... 

6 

months 

3 

2.16 

0.53 

0.12 

0.76 

0.23 

0.12 

0.38 

P 

months 

3 

1.88 

0.41 

0.054 

0.07 

0.16 

0.13 

0.28 

12 

months 

4 

2.28 

0.42 

0.058 

0.88 

0.17 

0.13 

0.25 

15 

months 

5 

1.93 

0.39 

0.059 

0.79 

0.17 

0.14 

0.2s 

6 

months 

1 

3.11 

0.67 

0.16 

1.00 

0.35 

0.10 

0.44 

P 

months 

2 

1.43 

0.37 

0.082 

0.39 

0.18 

0.30 

0.23 

12 

months 

3 

1.41 

0.43 

0.069 

0.39 

(J.10 

0.086 

0.23 

15 

months 

4 

1.13 

0.36 

0.036 

0.31 

0.14 

0.068 

0.23 

18 

months 

5 

1.34 

0.33 

0.044 

0.59 

0.12 

0.086 

0.21 

9 

months 

1 

1.47 

0.20 

0.090 

0.48 

0.21 

0.003 

0.21 

12 

months 

0 

1.64 

0.35 

0.10 

0.40 

0.22 

0.083 

0.17 

15 

months 

8 

1.41 

0.41 

0.064 

0.38 

0.15 

0.099 

0.15 

18 

months 

4 

1.69 

0.45 

0.071 

0.53 

0.19 

0.13 

0.35 

21 

months 

5 

1.88 

0.37 

0.051 

0.72 

0.14 

0,13 

0.14 

12 

months 

1 

1.27 

0.34 

U.069 

0.32 

0.18 

0.090 

0,39 

15 

months 

2 

1.49 

0.30 

0.059 

0.31 

0,14 

0.087 

0,15 

18 

months 

3 

3.75 

0.42 

0.062 

0.52 

0.17 

0.11 

0.15 

21 

months 

4 

1.51 

0.48 

0.057 

0.35 

0.17 

0.12 

0.13 

2-4 

months 

5 

1.78 

0.48 

0.054 

0.56 

0.1.5 

0.15 

0.12 

15 

months 

1 

1.11 

0.40 

0.075 

6.19 

0.18 

0.09 

0.15 

18 

mouths 

2 

1.59 

0.40 

0.072 

O.ol 

0.17 

0.10 

0.12 

21 

months 

3 

1.62 

0.53 

0.068 

0.32 

0.18 

0.13 

0.10 

24 

months 

4 

1.34 

0.47 

0.060 

0.29 

0.16 

0.13 

0.11 

27 

months 

5 

1.77 

0.56 

0.058 

0.49 

0.14 

0.16 

0.12 

18 

months 

1 

1.21 

0.38 

0.062 

0.38 

0.15 

0.11 

0.10 

21 

months 

2 

3.52 

0.86 

0.063 

0.47 

0.17 

0.11 

0,10 

24 

months 

3 

1.46 

0.48 

0.053 

0.37 

0.16 

0.16 

0.08 

27 

months 

4 

1.61 

0.48 

0.062 

0.43 

0.17 

0.17 

0.10 

30 

months 

5 

1.81 

0.49 

0,050 

0.56 

0.17 

0.25 

0.09 
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Date of 
Iluivefct 
2/J.V2S 


5/20/28 


7/23/28 


0/21/28 


2/16/20 


5/22/20 


7/23/29 


TABLE Tib 

Ohemical Oompositlon of Leaves and Tops, Dry Basis 


I*ei cent Per cfcut Pei cent Pei cent Per cent Pei cent Per cent 


Age 

(h op 

Ash 

Si02 

CftO 

KoO 

MgO 

PaOr, 

N 

Heed (^ane 

1 

.... 

.... 


. 

. . 

. . . 


3 luonthh 

2 

11,13 

4.21 

0.45 

2 96 

0.52 

0.42 

1 54 

6 months 

8 

9.20 

3.20 

0.33 

2.87 

0 40 

0 38 

1.13 

0 months 

4 

h.43 

2.70 

0 34 

2 70 

0 48 

0.38 

0.91 

12 months 

5 

9 59 

3.57 

0.27 

3 03 

0 36 

0 37 

1.01 

8 mouths 

1 

10.03 

3.68 

0.34 

2.77 

0.49 

0.42 

1.54 

0 months 

0 

7 12 

2.00 

0 32 

2.26 

0 41 

0 39 

1.11 

9 months 

3 

8.30 

2 77 

0.39 

2.60 

0 45 

0.32 

0.96 

12 months 

4 

8.11 

2.80 

0.47 

2.22 

0,51 

0 30 

0.93 

15 months 

5 

7.95 

2.64 

0.31 

2.83 

0 36 

0 35 

0.93 

6 months 

1 

7.46 

2.18 

0.33 

2.30 

0.44 

0 37 

0.98 

9 months 

2 

7.72 

2.59 

0.41 

2 19 

0,41 

0 34 

0.92 

12 months 

3 

7.79 

2.37 

0.34 

2.63 

0 35 

0.34 

0.81 

15 mouths 

4 

8.34 

3.13 

0.37 

2.34 

0.41 

0.36 

0 92 

18 months 

5 

8.42 

3.19 

0.38 

2 41 

0,42 

0.33 

0 85 

9 months 

1 

6.75 

1.61 

0.32 

2.45 

0.37 

0.41 

1.04 

12 months 

2 

7.47 

2,07 

0.85 

2.73 

0.33 

0.89 

0.98 

15 months 

3 

8.05 

2.60 

0.29 

2.72 

0.31 

0.3!) 

0.86 

18 mouths 

4 

8.05 

2.73 

0.27 

2.80 

0.30 

0.43 

0.96 

21 months 

5 

7.82 

2.05 

0.24 

2.63 

0.26 


0.85 

12 months 

1 

7.94 

2.35 

0.36 

2.71 

0.40 

0.40 

1 04 

15 months 

2 

8.14 

2.20 

0.22 

3.13 

0.31 

n 42 

0.87 

IS months 

3 

8.33 

2.66 

0.25 

2.99 

0.30 

0.43 

0.92 

21 months 

4 

8.61 

3.51 

0,25 

2.6t 

0.28 

0.42 

0.89 

24 months 

5 

9.15 

3.13 

0.24 

3.12 

0 27 

0.43 

0.81 

15 mouths 

L 

7.42 

2.21 

0.28 

2.75 

0.33 

0.37 

0.82 

18 months 

2 

8.03 

2.82 

0.28 

2.73 

0.28 

0.85 

0.73 

21 months 

8 

8.43 

3.13 

0.28 

2.60 

0 31 

0.37 

0.72 

24 months 

4 

8.76 

8.69 

0.27 

2.67 

0.28 

0 37 

0.76 

27 months 

5 

8.59 

3.46 

0.25 

2.71 

0.26 

0.36 

0.79 

IS months 

1 

8.89 

3.43 

0.30 

2.74 

0.31 

0.45 

0.77 

21 months 

2 

8.44 

3.10 

0.24 

2.78 

0.27 

0.47 

0.71 

24 months 

3 

9.00 

3.50 

0.26 

2.73 

0.28 

0.47 

0.63 

27 months 

4 

8.07 

3.62 

0.27 

2.26 

0.29 

0.44 

0.69 

30 months 

5 

9.14 

4.16 

0.33 

2.53 

0.28 

0.48 

0.75 
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Date of 
Xlaivest 

2/15/28 


5/26/28 


7/23/28 


9/21/28 


2/15/2Q 


5/22/29 


7/23/29 


Date of 
XlarvcBt 
2/13/29 
5/22/29 

7/23/29 


TA.BLE He 

Ohexnlcal Oompoaltlou of Trash, Dry Basis 


Per cent Per cent Pui cent Per cent Per cent Pei cent Per cent 


Age 

Cl op 

Ash 

»l02 

GaO 

KgO 

MgO 

1*20.1 

N 

Seed Cane 

1 

. . 

.... 

.... 

.... 

. . . 

. . . 


3 months 

o 

. . . 

.... 

. . . 

.... 

.... 

.... 


6 months 

3 

. . • 

. . . 

.... 

.... 

.... 


. . . 

9 months 

4 

9.17 

5.37 

0.57 

0.81 

0.47 

0.078 

0.39 

12 months 

5 

9.72 

5.73 

0.45 

0.86 

0.36 

0.12 

0.51 

3 months 

1 

.... 

. . . 

. . . 

.... 

. . . 

.... 

.... 

6 months 

2 

14.16 

9.16 

0 85 

0.90 

0.72 

0.080 

0.37 

9 months 

3 

11.99 

7.52 

0 58 

1.26 

0.49 

0.072 

0.32 

12 months 

4 

10.00 

6.01 

0.63 

0.94 

0.62 

0.084 

0.37 

15 months 

5 

13.56 

7.31 

0.58 

1.35 

0 58 

0.089 

0.40 

6 months 

1 

.... 

. 

.... 

.... 

.... 

. . . 


9 months 

o 

10.16 

6 12 

0.78 

0.80 

0.62 

0.11 

0.43 

12 months 

8 

9.22 

4.98 

0.57 

1.28 

0.45 

0.11 

0.37 

15 months 

4 

8.89 

4.92 

0.52 

1.31 

0.48 

0.12 

0 40 

18 months 

5 

0.33 

3.6*3 

0.61 

1.15 

0.46 

0.11 

0.37 

9 months 

1 

10.65 

6.47 

0.78 

0.79 

0.72 

0.078 

0.33 

12 months 

2 

8.20 

4 12 

0.70 

1.01 

0.58 

0.096 

0.34 

15 months 

3 

8.80 

6,27 

0.58 

0.87 

0.42 

0.079 

0.29 

18 months 

4 

9.27 

5.28 

0.55 

1.09 

0.49 

0.15 

0.37 

21 months 

5 

9.97 

5.64 

0.45 

1.56 

0.46 

0.12 

0.38 

12 months 

1 

9.73 

6.16 

0.65 

0.42 

0.42 

0.078 

0.32 

15 months 

2 

9.55 

6.56 

0.58 

0.60 

0.36 

0.10 

0,33 

IS months 

3 

9.43 

6.61 

0.49 

0.74 

0.34 

0.12 

0.34 

21 months 

4 

10.39 

7.82 

0.44 

0.61 

0.31 

0.086 

0.30 

24 months 

5 

10.31 

7.76 

0.39 

0.47 

0.29 

0.092 

0.24 

15 months 

1 

8 37 

4.87 

0.56 

1.04 

0.48 

0.11 

0.32 

18 months 

2 

9.27 

5.33 

0.40 

1.61 

0.37 

0.087 

0.26 

21 months 

3 

10.34 

6.68 

0.49 

1.32 

0.41 

0.096 

0.30 

24 months 

4 

10.42 

7.13 

0.46 

1.10 

0.42 

0.11 

0.26 

27 months 

5 

10.54 

7.58 

0.41 

0.05 

0.33 

0.092 

0.28 

18 months 

1 

12.11 

7.40 

0.68 

1.55 

0.49 

0.11 

0.30 

21 months 

o 

11 11 

7.43 

0.48 

1 29 

0.32 

0.14 

0.26 

24 months 

3 

11.99 

7.98 

0,43 

1.55 

0.38 

0.16 

0.28 

27 months 

4 

11.08 

7.99 

0.38 

1.61 

0.34 

0.15 

0.27 

30 months 

5 

12.89 

8.45 

0.40 

1 57 

0.37 

0 10 

0.32 


TABLE n<l 

Ohemlcal Oomposltlon of Dead Oane, Dry Basis 


Pei cent Per cent Per cent Per cent Per cent Per cent Per cent 


Age 

Crop 

Asli 

BiOg 

CnO 

KfiO 

MgO 

P 2 OU 

N 

24 months 

5 

3.08 

1.10 

0.15 

0.66 

0.33 

0.13 

0.23 

21 months 

3 

2.48 

0.73 

0.12 

0.66 

0.28 

0.16 

0.20 

24 months 

4 

2.33 

0.87 

0.13 

0.60 

0.29 

0.16 

0.26 

27 months 

5 

2.88 

0.68 

0.95 

0.71 

0.23 

0.17 

0.17 

24 months 

3 

2.40 

0.66 

0.11 

0.70 

0.28 

0.16 

0.17 

27 months 

4 

1.77 

0.62 

0.073 

0.52 

0.19 

0.17 

0.15 

30 months 

5 

2.23 

o.ai 

0.10 

0.66 

0.24 

0.18 

0.14 
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Grzwth Monfhs 
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6nmdh Months 
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A\onfns 


45 « 



Months 



459 



Growth Months 
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The Determination of Soil Reaction by Hydrogen 

Electrode 


By Ritchie R. Ward 

In a paper wliich appeared in The Hawaiian Planters Record some six years 
ago, King (1) gave a clear development of the relation between hydrogen ion con- 
centration and the pH of a solution. These terms are coming into steadily increas- 
ing use in the literature, and a thorough understanding of their significance is pre- 
requisite to an appreciative reading of this material. 

Since the appearance of this paper, the use of the hydrogen electrode for 
measuring hydrogen ion concentration has become more general. In the present 
paper, an attempt will be made to show how acidity, and i^articularly soil reaction, 
is determined with this apparatus. 

In outline, the method consists of setting up a galvanic cell, one of whose elec- 
trodes is hydrogen-hydrogen ion, and the other mercury, calomel and cliloride ion. 
When such a cell is constructed, the two electrodes being connected across a liquid 
junction, an electromotive force will be set up, the value of which depends, among 
other things, on the concentration of hydrogen ion in contact with the hydrogen 
electrode. By keeping other variables constant, it is possible to measure the hydro- 
gen ion concentration by measuring the value of the electromotive force of the cell. 

It should be emphasized that this electromotive force is the reversible one, set 
up when the electromotive force of the cell is exactly Imlanced l)y a counter electro- 
motive force of external origin, sucli as from a storage battery. In this way only, 
may the maximum work of the cell reaction l^e measured. The value of this 
maximum work is an entirely different quantity from tliat produced when tlie cell 
reaction is allowed to proceed irreversibly. This will be seen to be analogous to 
the case of a simple heat engine. Here, too, tlie maximum work is not measured 
unless the engine is exactly balanced by an external force. In either case, the meas- 
urement must be taken at equilibrium. 

In general, any chemical reaction is accompanied by a change of energy. A 
common example of this effect is the burning of carbon to carbon dioxide with 
the liberation of heat. Now, l)y taking into account the amount of heat liberated, 
and the work done upon the surroundings by such a reaction, it is possible to de- 
rive a measure of the tendency of that reaction to take place. Another, and better, 
measure of this tendency also takes into account the change in so-called entropy* 
during the reaction. This latter quantity is known as the free energy, or chemical 
potential, and is analogous to fluid head or electrical voltage. In fact, tlie free 
energy may be used to calculate the electrode potential of a reaction in volts, and 
tliis is often done. 

Returning to the consideration of the cell, which may be represented thus : 

Hg, IlgCl(B), C1-(N/10) i| KCl(Bat.) || n+, Ho(g), Pt, 

* The concept of entropy involves many ramifications, bnt for the purpose of tho 
present disenssion, it may he considered as that portion of tho energy of a suhstanco 
which is nnavoilahle for the p*crfoimance of useful work. 



it will be i-een that the following reactions occur : 

(n) Hr + n = IlRtn + H , 

(h) 11+ + B- = i/j ira(K). 

Rai-h of these reactions Iras a definite potential in the sense discussed above, 
which is expressible in volts. 'J'his value will, of course, vary as the concentration 
of the ions H* and Cl' vary. 

For any reaction, such as 

Hi + niM + . . . = xR + hH + . . . + NK 

the value of the electromotive force of the reaction may be calculated from the 
equation : 

BT « ' . n • 

R s 

E = E" In (I) 

NF a ' . a“ 

L M 

where E° is the electrode potential when all the suhstauces are at unit activity, R 
is the gas constant expressed in calories per degree, T is the absolute temperature, 
N is the number of equivalents, and F is the value of the Faraday, expressed in 
calories per volt equivalent. The natural logarithm is represented by In, and af 
is the activity. 

Applying this equation to reaction (a), we gel 
RT 1 

K = In (11) 

F «('l 

From the work of I.ewis and Randall (2), E”= — ,2700 volts. The same 
workers laave determined the activity of chloride ion from freezing jMriut data, and 
have found it to he 0.0794 in tenth nonnal solution. Either the tenth nomial or 
the normal calomel electrode may be employed, but inasmuch as the tenth nonnal 
one is in more general use, it will be the only one discussed here. Substituting 
those values in the equation : 

ET 1 

E = —0.2700 In 

F 0.0794 

E = — 0.3n51 

This, then, is the potential of the tenth nonnal calomel electrode at 25® C. 

For reaction (b) 

ET (lipi 

B = E* In (in) 

P (11+) 

* The symbol E- represents nn electron. A reaction in which nn electron is gained 
IS a redaction, and, conversely, an oxidation. 

t The activity may be regarded as a corrected, concentration; in fact, it is enual to 
the concentration in an infinitely dilate aolntion. Its value is determined by measurements 
of the freezing point lowering or boiling point laising of solutions. 
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Here, E° has, by international agreement, Ix^n arbitrarily defined as zero, the 
activity of the hydrogen gas is taken as the pressure, and in very dilute solutions, 
the activity of the hydrogen ion is equal to its concentration. Wlien substituting 
mmierical values in the equation : 

1 

E = 0 — 0.0ti913 log 

(HO 

Adding (1) and (2), there appears for the reaction 
ng(i) + + Cl- = irftCi(b) + % UoCg), 

1 

E = —0.3351 — 0.05915 log 

(110 

1 

But by definition, pH=log — , whence 

(H-) 

E 4- 0.3351V 
pn = - ( f 

0.05915 

It niay be noted that the value of E for the above reaction will he negative, 
since the reaction proceeds spontaneously to the left. As will be seen from the 
equation, the only measurement necessary to a determination of the pH of a solu- 
tion is tlie voltage E, but the dependence of the entire procedure upon the results 
of previous workers in pure science is quite obvious. 

The value of the electromotive force of this cell may, however, be affected in a 
number of ways other than those discussed above. 

It will be noted that there are three liquid junction jiotentials as the cell is 
ordinarily .set up. These are all potassium chloride junctions, and it is rather 
important to see why they are so small as to be negligible for all practical purposes. 
In general, liquid junction potentials are due to the difference in ionic mobilities 
of the anions and cations in a solution. Suppose a long tul>c filled with dilute 
hydrochloric acid is under a uniform potential gradient of one volt per centimeter. 
It has been found that the hydrogen ion moves with a velocity of 32.50X10”^ 
centimeters per second in such a tube, and the chloride ion moves with a velocity 
of 6.78X10~* centimeters per second. The relative velocities of free movement 
of these ions will be in much the same ratio. 

Now if a solution of hydrochloric acid is in contact with pure water at an 
imaginary interface, both hydrogen ions and chloride ions will lend to diffuse from 
the solution acros.s the boundary into the water. But the hydrogen ions move 
about five times as fast as the chloride ions, so tliat there will eventually he more 
positively charged ions on the water side of the boundary, and more negatively 
charged ions on the hydrochloric add side. An electromotive force corresponding 
to this distribution of charges will be set up across the junction. 

The same general considerations apply to two solutions of different concentra- 
tions. This is the type of liquid junction commonly met with in cells for electrode 
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potential nieasuraiieiits. In such cases it is i)()ssil)le to calculate the potential across a 
liquid junction from ionic mobility figures and apply the correction so derived. 
Sometimes, also, the effect is greatly reduced by construction of flowing junctions, 
so that practically no diffusion can occur. 

It would be simpler and more satisfactory if a solute could be found whose 
anions and cations moved at the same rate. In such a case no accumulation of 
charges would occur on either side of a boundary, and consequently no electro- 
motive force would be set up. This is very nearly true for potassium chloride, 
the absolute velocity of potassium ion being 6.70 X 10“ ‘ centimeters jier vsecond, 
and that of chloride ion being 6.78X10~^. Accordingly, potassium chloride is 
generally used for liquid junctions of this kind. 

It will be recalled that in applying Equation 1 IT, it was assumed that the hydro- 
gen was at atmospheric jiressure. 'This is not quite true, since the solution exerts 
a partial pressure, and the hydrogen is below atniosiiheric by a corresponding 
amount. 

As an example, the effect of pure water vapor on the jiH may lie calculated. The 
vapor pressure of water at 25° C., is 25 mm , whence the actual hydrogen pressure 
over the solution is (760-25 )/760, or 0.967 atmosjiheres. Supj^ose that the voltage 
lead on the potentiometer is — 0.7491, which is the value for = 7.0 when no 
correction is made for the reduced hydrogen pressure. Using the equation with- 
out transposition : 

—0.7401 = E = — 0.3riBl — O.O.'IOl.’S (.007)^ pll 


so tliat pH = 7.10. 

It ^vill then he seen that the vapor jircssure of the water affects the result by 0.10 
pH luiits. 

In determining the pH on soils, the reaction will not be affected to as great 
an extent as indicated above, since the presence of a solute lowers the vapor pres- 
sure of the water. 

In this comiection it may be pointed out that the solution must lie completely 
reduced so that it will support one atmosphere of hydrogen, before the voltage is 
read. 

In the case of a soil which is high in carbonates, and is otherwise poorly buf- 
fered, the following equilibrium is established : 

2H+ + 00; ~ H+ + nOO., = HaCO., = HaO + OOa 

When hydrogen is bubbled through the solution, carbon ditixidc is carried off 
with it, and the equilibrium is shifted to tlie right, according to le Chatclier^s rule. 
This will continue until the reaction comes practically to completion, and inasmuch 
as hydrogen ion is involved in the equilibriimi, the pH will also change. The two 
leadings obtained after fifteen minutes and after an hour^s bubbling with hydrogen 
may differ widely. 

In order to avoid tliis effect, the determination may be made in special apparatus" 
in which the hydrogen is brought into equilibrium with the solution without 
bubbling, and the correction for the partial pressure of the carbon dioxide applied. 
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Thib is done in a manner exactly similar to the correction for the partial pressure 
of water vapor cited above. 

It is also possible to determine the partial pressure of the carbon dioxide from 
the solution, and use a corresponding mixture of hydrogen and carbon dioxide for 
bubbling through the regular Hildebrand electrode. In this way the equilibrium 
is not affected by the bubbling of gas through the solution. 

Finally, the effect of temperature differences on the electromotive force of the 
cell may be calculated. The Gibbs-Helmholtz equation gives this effect : 

ah dE 

E 4- = T 

NE dT 

Here AH is llie molal heat of tlie cell reaction, which may Ijc obtained by 
measurements with a calorimeter, or more accurately, by calculation from electrode 
potential data. The other symbols have the same significance as noted above, while 
dE/dT is the differential coefficient of the voltage with respect to temperature 

Lewis and Randall give AH = 8291 calories, and using the value — 0.7+91 
volts for E, it follows that 

8291 

dE —0.7491 4- 

= 23074 

dT 

298.1 

at a temperature of 25® C. Whence, 
dE 

= —0.00131, 

dT 

so that the electromotive force of the cell decreases 1.31 millivolts for each degree 
rise in temperature. This corresponds to a change in pH of about one-tenth of a 
point for a five-degree temperature increment. 

Thus, it is apparent that while many factors influence the electromotive force 
of a galvanic cell such as is used in determining the hydrogen ion concentration of 
solutions, all those which are of significant influence may be held constant. There 
then remain but two variables, the independent variable corresix)nding to the pH 
of the solution, and the dependent variable corresponding to the voltage. When one 
is measured, the other may be certainly known, for any set of conditions. 

The process may be thought of as being much the same as that employed in 
weighing with a sensitive balance. In the latter case, two gravitational forces are 
balanced, and the known magnitude of one gives the magnitude of the other. So, 
similarly, in the cell, two opposing electrical forces are delicately balanced against 
each other, and precisely analogous conditions obtain. 



Summary 

1 The reaction wliich occur', in a typical cell uswl in delemuning pll has 
Iwen clihcussecl. 

2. Eciuations have ken presented for calculatiii}* the electromotive force of 
huch a cell. 

3. It has ken shown how tlic voltaic of the cell is affected by cliangc.s in tem- 
perature, pressure and composition. 

LITERATlIltK CITED 

J Kiligi R, ir. A (lisruHHion of tho nu'iuiliiji; of llio loitiis liydiogon ion t^oiuiontra- 

tion niifl pll values of Holutloiis, Ilnwniinii PIniileis' Reeoid, Vol. XXVITF, pp 
120-1 US, 

2. Lowifi, Gilbcii N., aucl RmihIuII, Meile. 1023. TlKMUKMlyn.iiuies inul the free enpigv 
of ehemieal huhsliuKOh. Medrnw llill Book do. 



467 


A Study of the Probable Error of a Single Plot from 
Field Tests with Sugar Cane in Hawaii 


By Ralph J. Borden 

During the past ten years, a considerable amount of valuable data concerned 
with field experiments that have been conducted by the agricultural department of 
the Experiment Station, H. S. P. A , have lieen collected. When Dr. H H. Love, 
of Cornell University, visited us in the fall of 1929, he suggested that a critical 
statistical examination of this mass of data might be very enlightening to our 
agricultural workers, and that undoubtedly it would help us to see where our field 
experimental technique might be improved. Consequently, plans were made to 
study the available data and the presentation that follows summarizes the results 
of what was found. 

f 
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Method 

A total of 459 field tests furnished the basic infonnation. In each test, the 
individual plot 3 delds were recorded and then reduced to percentages of their mean 
or “Treatment” yield, in order that we might have yield figures for all plots in the 
test upon a common basis for our statistical examination. The accompanying table 
shows the form on which our data were recorded and the manner in which o\xr cal- 
culations were made. It will be noted that tlie percentage PEs for each "Treat- 
ment” was calculated, as well as the per cent PEs for the whole experiment. This 
served as a check on our calculations, and also furnished the data for studies 
concerned with various "Treatments”. 

When plotted for a frequency curve (see figure) the PEs for our tests show a 
skewed type of curve, which is not uncommon when residts of field tests are thus 




4C^ 

plollecl, aiul it is not .suri)risiii}> to find a considerably }>rcater intmlK.T of tests that 
deviate from a normal distribution curve in the upper range than at the lower 
]X)iuts. (These large deviations are no doubt due to our extreme variations in soil 
fertility, and include some rather large errors unknowingly introduced through 
difficult harvesting operations, h'rom this treciuency curve, and using the formula 
suggested by J. W. Mellor in his "Higher hlathematics for Students of Chemistry 
and Phybic.s,’’ for the rejection of data .supposedly due to susiiccted observations, 
it was calculated that any cxiK'rinicnt tliat carried a F^lis of 16 per cent or more 
might be rejected. This resulted in the rejection of eight tests, and consequently 
our studies were liascd on the 4.S1 cases that remained. 

Plantatlou, llilo Bugni (V). Experiment Eo. Orop Year 1030. Field 31, Wahiiiku. 

Elevation, 4(>() fed. Variety, Vollow (^alcMloina. Slzo of Plot, .1 iumc. Plant or 
Batoon, plant. Date Harvested, Feb. 1, 11)30. Age at Harvest, 21 inontliB. Ko. of 
Lines, 6. Length of Lines, 132 fed. Guard rows eliminated, 2. Object: Fonua of 
N itrogon. 
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PEs = .6746 8. D. = 3.18 pot cent 
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Detail 

The study aimed to answer a numl)er of questions. 

(a) ir/iat is the probable error of a single plot (PEs) for cane field experi- 
ments as conducted in Hawiii? 

The answer to this question should indicate the variation that exists in our ex- 
perimental areas and the degree of refinement of our experimental technique. It 
should give us some idea of how we may modify the customary manner of laying 
out and conducting field tests, in order to eliminate or lessen those conditions which 
often make it difficult to interpret their results. 

Due to the varied conditions under which our cane field tests are carried on, 
this question was subdivided in order to note the effect of the two greatest dif- 
ferences, irrigated vs. non-irrigated cane, upon the PEs in tests conducted ihere- 
under. 

The prolxible error for a single plot, when all 12,271 plots contained in our 451 
tests are considered, was found to be 6.6 per cent ; of the 3,569 plots contained in 
133 tests on unirrigated cane, the PEs is 6.8 per cent; of the 8,702 plots in the 
318 tests conducted on irrigated lands, the PEs is 6.5 per cent. From tliis it would 
appear that the variation which exists in our field experiments, whether conducted 
on irrigated or upon unirrigated areas, is very nearly equal. An analysis of the 
conditions which are the greatest factors affecting our experimental error, tends to 
show that while differences in soil moisture content on irrigated lands may cause 
a large error which is not a factor on unirrigated cane, greater soil variation exists 
on the shallow upland areas of the non-irrigated plantations than on the deeper 
more fertile soils of the other group. Presumably, therefore, the adverse effect of 
one major factor upon the variability within our experiment is offset by the 
advantage of the other factor. 

(b) Does the variation zeithin onr test aiea, as indicated by the PEs, change 
zvith the age of the field? 

This question aimed to secure confirmation or refutation for various ex- 
pressions of opinion regarding the effect of stand as a factor of variability in field 
tests with cane. 

The problem was attacked from two angles : 

1. The PEs for both irrigated and non-irrigated cane of all plant, first ratoon, 
second ratoon, and third ratoon (plus a few 4th, Sth and 6th) crops was calailated. 
The results are summarized as follows : 


Non-In igftted Cano Inigntotl Cano 

Age of Ticld No. of Testa PEa No. of Tebts PEs 

Plant 60 7.0 112 6.3 

Eiiat Batoon 38 7.8 102 6.8 

Second Batoon 11 5.0 60 6.8 

Third Batoon -f 20 6.5 44 5.0 


It is rather difficult to draw conclusions from these figures. We have loo few 
cases of second and third ratoon crops on non-irrigated areas to warrant com- 
parison with the plant crop. In the irrigated group, the slightly lower PEs for 
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third ratoon + crops* is due to the fact that 20 of tlie.se 44 te.sts were at the Waipio 
buhstation where llie TKs foi all tests is 4.8 per ctnit. 

At Waipio : 

223 i>lots of pliiiit (‘luio li«\p 11 PKb of 4.9 por eciit 

167 plots of Iftt latoou have a PEb of 3.0 iioi eoiil 

169 iilotB of 2n(l latooii have u PBr of 3,0 ]K»r eonl 

206 plotB of 3r(l ratoon have a PR3b of 4,0 poi coal 

352 plots of 4th ratoon have a PKs of 4.8 per ooiit 

231 plots of 5th latooii have a I^Kb of 5,6 per coat 

At Pioneer: 

928 plota of jilaat cane hiivi* ii PEs of 6.3 per cent 
1010 plots of lat rtaoon eane have a I*Er of 6.8 per cent 

806 plots of Slid latoon oaue have a PEs of 6.9 per eeal 

141 plots of 3nl ratoon eane have a PEh of 6.3 jier cent 

If the variability of ratoons at Waipio seems to decrease on the early ratoons, 
then the situation seems reversed at l^ioneer. Hence no g^eneral assumption can 
be made from the data availalile. 

(2) Although we have an insufficiency of data, from tests which have been 
repeated on the same plots through successive crops, to give us ovcr-confidcnce in a 
feeling tliat the cane plant has a remarkable aptitude for adjusting its stand to the 
conditions it finds itself growing in, there is some indication that this may be the 
case, and tliat the variation that exists in our test areas does not materially change 
from crop to crop as a result of a <'hang<‘ in stand. 

In that number of repealed tests which our data included we found the fol- 
lowing : 

(a) The PEs of the first repetition greater tlian in the original lest in 57 cases, 
and less tlian in the original test in 42 cases. 

(b) The PEs of the second repetition greater than in the first repetition in 
20 cases and less in 21 cases ; greater than in the original test in 22 cases and less 
than the original in 19. 

(c) The PEs of the third repetition greater than in second in 4 cases and 
less in 3 ; greater than the first repetition in 3 and less in 3 cases ; greater than in 
the original test in 3 cases, and less than in the original in 3 cases also. 

Individual plantation data show a similar tendency. 

At Waipio, we have the following : 

Twelve tests, repeated, show a higher PEs on the succeeding tlian on the origi- 
nal test ; thirteen tests show a lower PEs after the original test. 

At Pioneer, 32 tests show a higher PEs on ratoons than on plant, while 27 
show up higher on plant than on ratoons. 

At Koloa, 5 out of 10 tests which were repeated have a higher PEs in the 
original than in the succeeding crop. 

(c) How does the size of the individual plot affect the probable error of the 
experimenif 
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We find advocates of small plots and advocates of large ones. Have our ex- 
perimental data indicated what size of plot is best suited for accuracy ? 

The standard size plot for unirrigated cane has generally been accepted as onc- 
ten‘h acre, while the conventional watercourse plot varying from slightly under 
to slightly over a tenth acre has been the unit used on irrigated lands. Wc find 
that 85 per cent of our tests have used these unit plot sizes, only 9 per cent having 
used a smaller and 6 per cent a greater size. Hence our data on this question are 
too meager for statistical study. 

We have, however, enumerated belo>\ 5 cases where the data within each case 
are quite comparable and have a bearing on this question of plot size. These are 
offered as a matter of inlerevSl and for record. 


Plantation 

Field 

Year 

Exp, No 

(1) Paauhau 

IS 

1021 

10 

tt 

18 

1921 

31 

(2) Hnknlau 

10 

1919 

8 

f ( 

10 

1919 

an 

( t 

10 

1919 

7 

t i 

10 

1919 

9 

(3) Kilanea 

37 

1924 

51 

1 1 

37 

1924 

30 

c t 

37 

1924 

31 

(t 

37 

1924 

28 

(4) Pioneer 

E2 

1929 

71 

ft 

E2 

1929 

40 

<< 

E2 

1929 

50 

tt 

E2 

1929 

47 

tt 

E2 

1929 

48 


No. 

of Plots 

Plot Hizc 

Total 

Test Aren 

PKa 

82 

.23 ac. 

8 ac. 

8.9 

18 

.1 ac. 

1.8 ac. 

6.6 

24 

.1 ac. 

2.4 ac. 

5.0 

36 

.05 ac. 

bo 

7.3 

48 

.1 ne. 

4.8 nc. 

9.2 

72 

.03 nc. 

3.6 nc. 

12.4 

13 

.07 nc. 

1.1 ac. 

8.2 

15 

.1 ac. 

1.5 ac. 

12.7 

18 

.1 ac. 

1.8 ac. 

14.5 

32 

.1 nc. 

3.2 ac. 

10.7 

20 

4 nc 

80 wc 

5.0 

24 

1 wc 

24 wc 

9.4 

20 

1 wc 

20 wo 

10.9 

18 

1 wc 

18 wc 

6.4 

35 

1 ivc 

15 wc 

9.6 


(5) At the Maui Agricultural Company tlio 10 teats wlilcli were studied showed a PKa ot 
4.8 per cent. Of these 10 testa, 4 used level ditch plots (area 3.0 + acres) and the 
PEs was 3.9 per cent; 6 nsed single watercourse plots and these had n PRh of 5.4 
per cent. 


(d) ffVzflt effect has the number of replications on the sisc of the PEs for our 
cane field testsf 

Theoretically, statistical measurements tell us that a reduction in error may be 
expected to occur in direct proportion to the square root of the munber of saniples 
taken. Because of the fact that when we increase the niiml^er of replications 
(samples) in our field tests, w'e must move into an increased area and hence pos- 
sibly include new variations, this expected reduction in our experimental error does 
not always take place at any proportional rate. 

Analysis of our complete data which concerns this question folloWvS : 


In 42 tests with 4 or less replications, the PEs was 0.5 per cent 


In 68 tests with 6 replications, 

In 111 tests with 6 replications, 

In 80 tests with 7 replications, 

In 66 tests with 8 replications, 

In 17 testa with 9 replications, 

In 14 tests with 10 replications, 

In 53 testa with more than 10 replications, the PEs was 7,7 x)or cent 


the PEs was 6.7 per cental 

the PEs was 5.0 per cent L — 6.3 per cent 

the PEs was 6.4 per cent J 

the PEs was 6.6 per cenf\ 

the PEs was 6.8 per cent L — 6.9 per cent 

ihe PEs was 7.3 per eentj 
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At Waipio : 

fi teats with 4 or lesb loplications had ti I*Ws of 8.2 pei ecnl 

17 tobta with 5 to 7 replientions had a PKa of 4.8 ja'i eont 

9 tohts with 8 to 10 leplieatioas had a PEJb of 4.7 ]>er eent 

10 teats with more than 10 reidiralious liiid a VKa of (J,4 ])er cent 

At Pioneer: 

23 testb with 5 repheaiioiia lm<l a PKa of 0.3 per eeiil 

40 tests with 0 leplieatioiia hail a PKh of 0.0 per eent L — 0.4 per cent 

29 tests with 7 replieatioiih hnd a PPils of 0.4 per eentj 

13 testb with 8 to 10 ie])licatioiia had a PKa of 0.1 per cent 

9 testa with more than 10 rei>Heat ions hnd a PKs of 8.0 per cent 

(e) Docs the sisc of the total experimental area affect the PEs^ 

We have assumed that under the widely varying soil conditions existent in our 
fields, llie variation between plots e.stal)li.shed therein would lie increased a.s our total 
area was enlarged. Our complete data indicate that there is a tendency for tliis to 
happen. 

130 tests, ill which the total aioa was under 2 aciea, had a PKs of 0.4 per cent. 

193 tests, in wiiich the total area was from 2 to 3 acres had a PKs of 0.4 xjer cent. 
128 tests, in which the total area was over 3 acres hnd a PEh of 7.0 por cent. 

At Pioneer : 

88 tests, in which the total aiea was under 2 acres, had a PEs of 0.4 per cent. 

09 tests, in which the total area was from 2 to 3 acres, had a PEa of 0,9 ])er cent. 

9 teats, in which the total area was over 3 acres, had a PEa of 7.7 per cent. 

At Koloa : 

8 tosta in which the total area was under 2 acres had a PEs of 0,4 per cent. 

10 testa in which the total area wui from 2 to 3 acres hnd a PEa of 8.3 per cent. 

4 tests in which the total area Avaa over 3 acres had a PEs of 13.7 per cent. 

(f) What is the rclaiion beteaecn the total number of plots and the probable 

error of a single plot? 

138 tests with less than 20 plots por lest show a PEs of 0.3 pof cent. 

212 tests with 20 to 29 plots per tost show a PEs of 6,4 per cent. 

65 lests with 30 to 89 plots per teat show a PEs of 6.7 per cent. 

32 tests with 40 to 62 plots per teat show a PEs of 7.2 por cent. 

14 tests with over 66 plots per lost show a PEs of 9,0 per cent. 

From this, it would appear that there is perhaps a slight increase in the vari- 
ability within our test area as the number of plots is increased. 

(g) Is there any relationship betivecu the number of variates or treatments in 
our test and the PEsf 

73 tests carrying 2 variates have a PEs of 6,6 por cent, 

116 testa carrying 8 variates have a PEs of 6.8 per cent. 

201 testa carrying 4 variates have a PEs of 6.6 per cent. 

38 testa carrying 5 variates have a PEs of 7.0 per cent. 

28 tests carrying 6 or more variates have a PEa of 8.6 por cent. 
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Hence, it would seem that the niim1)er of variates per test lias little influence 
on the probable error of a single plot until our tests begin to carry six or more 
different treatments, when it appears tliat the increased numl)er of variables has 
probably increased the total experimental area and hence widened the variability 
between plots therein. 

(h) ]Vhat is the effect of the cane yield upon the PEs? 

The following table shows the frequencies with which the probable errors of 
single plots have occurred in fields of varying cane tonnages : 


FREQUENCIJaS OF PEb (IN' VVAl CENT) AS RELATED TO CANE TONNAGE 
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20 to 10 

3 

’4 

27 

24 

13 

11 

0 

6 

97 

40 to 60 

2 

32 

40 

30 

24 

0 

0 

4 

150 

60 to 80 

3 

53 

44 

18 

7 

5 

1 

0 

131 

80 to 100 

6 

24 

20 

2 

0 

0 

0 

0 

58 

100 to 120 

3 

11 

8 

1 

0 

0 

0 

0 

2,3 

Totnln 

17 

124 

145 

81 

50 

22 

10 

10 

450 


From this table, it is quite apparent that the greater variations within our field 
tests, as indicated by the larger PEs per cent figures, are in the poorer producing 
areas, and that as our yields are increased the PEs tends materially to be improved. 

Rouglily figured, we note the following : 

In 30-ton cane, only one-third of the tests have a PEs under 7 per cent, and 
less than one-tenth of them have a PEs under S per cent. 

In SO-ton cane, about one-half of the tests have a PEs under 7 per cent, and 
one-fifth are under 5 per cent. 

In 70-ton cane, three-fourths of the tests are under 7 per cent and two-fifths 
under 5 per cent. 

In 90-ton cane, seven-eighths of the tests have errors attached to single plots 
of less than 7 per cent, and on one-half of the tests observed on fields producing 
at this rate, the PEs is under S per cent. 

In 110-ton cane, practically no test has a PEs greater than 7 per cent. Sixty 
per cent of our tests on these areas of high yields carry errors of single plots 
which are under 5 per cent. 

(i) What is the effect of plant food up07% the probable error of a single plot 
or areas receiving different kinds and amounts of food? 
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'I'his (jiichtidii ainiwl to (ind out whclhiT Ihf viirialiDU between pl()t> in cane 
Uiat wail amply supplied with plant food was less than the variation occurrin}* in 
areas where the stipidy <»f some food material mij^lit be scanty. 

The results are .summarized below. 'I'hcy indicate that well fed cane carries a 
lower PEs than cane which has less food, h'rom which it is not unreasonable to 
lielieve that an ample supply of plant food will do much to off.set the natural soil 
plant food deficiencies which are perhaps responsildc for much of the variation 
lietween plo's in our experimental areas. 

KFJ-’KOT OK I'tiANT KOODH ON TIIK I'Ks OK A HKHIKK OK IMiOTH RKCKIVINU 

sinocrKic plant kooi> trkatmbnth 

NunitiiM of Khosvilift 


NTo. of (’’om- 


No (Minnge in 

I^OWCM IM’jH 

Higher Plils 

I>anil)lc fierlcH 

Tieatineiits (’onipiiretl 

IMOs (wit Inn 

with In- 

with In- 



.1 Per coni ) 

crenHCMl Fo()<l 

cpoiiHeil Jb\)o(l 

26 

No hVitilizer vh. Nl 

1 

2.1 

*) 

67 

N vs. NP 

1 

42 

24 

72 

N VH. NK 

<2 

34 

36 

69 

N VB. NPK 

2 

39 

2S 

66 

NP VB. NPK 

1 

24 

40 

67 

NK va. NPK 

1 

36 

30 

5 

PK VB. NPK 

0 

6 

0 

31 

No P VB, py 

0 

19 

12 

32 

No K VH. K3.... 

1 

20 

11 

i8 

IjCsh than 100 lbs. N vh. 160 





IbB. N» 

1 

36 

12 

70 

ir>0 ll>s. N VH. 200 llm. N 

3 

33 

34 

56 

200 IliB. N VH. 21)0 IliH, N 

0 

26 

2!) 

60 

200 IlfU N VH. »00 In HliO ll)M. N 

6 

21 

2t 

36 

No I* VH. so Ills. K 

1 

20 

16 

22 

60 lbs. P VH. 120 11)B. P 

2 

9 

11 

23 

120 UiH. t> VH. ISO in 200 IIih. P 

, , 

13 

10 

21 

200 IbH. P VH. »00 IliH. P 

, , 

H 

13 

39 

No K VB. 00 IbB. K 

, , 

19 

20 

25 

60 lbs. K VB. 130 IbB. K 

o 

16 

7 

35 

120 Ilia. K VH. IftO lliB. K 

, , 

16 

19 

26 

200 11)B. K VH. 300 11)H. K 

a 

10 

16 


(j) Ts the PEs in our experiiitcnfal fields infincnced by flic clctnition of the 
area above sea level? 

The factors which complicate aii answer lo this queslioii are loo nunieroits to 
enable ns to mahe use o! the limited amount oE data available. As a matter ol 
interest, however, the te^sts which were conducted at Pioneer when arranf>ed nccord- 
ing to field elevation show the following : 

27 tests conducted below 300' olevatlon have a PEs of .1.7 per cenl. 

36 tests conducted between 300' and 600' elevation have n PJBb of 7.0 per cent. 

36 tests conducted between 600' and 900' elevation have a PEh of 6,6 X)or cent. 

11 testa conducted above 900' elevation have a PEs of 8.1 per cent. 

I 160 lbs., * 250 lbs., ^ Amounts that follow tiro approximate. 
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A factor which greatly complicates any analysis of these figures from Pioneer, 
however, is that canc from the upper elevation fields is flumed from the plots before 
weighing, and the influence of this factor may be better imderstood from the 
following : 

Thirty-nine tests in which cane was flumed before weighing show a PEs of 
7.7 per cent ; half of them carrying errors over 8 per cent. Against this, we have 
76 tests which were loaded directly onto cars in the field, which have a PEs of 6.0 
per cent, with only one-tenth of same having errors greater than 8 per cent. 

(k) Will an amlysis of our PEs data assist its to locate our field tests so that 
introduced variates may have fair comparisons? 

The data in the following table should help us to answer this question, if we 
are right in assuming that a low PEs indicates a lack of extreme variability in our 
test area. Where several tests that have been harvested in the same locality carry 
a PEs below 7 per cent we have a fairly good indication that the natural condi- 
tions there are quite similar, and it should be a good place for our field experiment : 


SOMK PEs OP TEBTS LOCATED IN SPECTPIC FIELDS 


Plantation 

Field 

Total Tosts 

No. of Testa with PEs Per Cent 
Under 5 3-7 7-9 0-12 Over 12 

Paanhan 

18 

2 

1 

1 




1 1 

4 

o 

•• 

2 




Lihuo 

40 

7 

3 

4 




Mnkec 

13 

2 

1 

, , 




ti 

1 

3 

2 





11. i\ & S. Co 

D Co. 3 

3 

3 

. . 




tt 

12 

2 

a 

. . 




Maui Agr. Co 

dl 

2 

2 

. . 




Pionoci 

32 

12 

7 

3 

2 



1 1 

B4 

10 

5 

3 




1 1 

33 

2 

2 

. . 




llonomu 

6B 

4 

1 

3 




Woipio 

V 

8 

8 

. 





B 

3 

3 

. . 




Waialua 

Gay 

3 

8 

. . 




tt 

Mill 

5 

2 

3 




Koloa 

52 

6 

4 

1 

1 



Hamakua 

19 

4 

. . 

1 

2 

1 


Pioneer 

B6L 

12 

1 

3 

4 

4 


tt 

LA7 

11 

2 

3 

1 

5 


tt 

E2 

8 

1 

2 

1 

4 


TTnion 

Knh 37 

2 

. . 

. . 

. . 

. . 

2 

Hilo 

10 

5 

. . 

1 

2 

1 

1 

Kilauea 

25 

2 

. . 

. . 

. . 


2 

Koloa 

51 

8 

, , 

2 

2 

2 

2 


When several tests in a field show a particularly high PEs we must not be 
too quick to condemn such field for experimental work. The PEs is affected by 
factors other than soil variation, and a careful analysis of any test carrying a high 
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pro1>al)le error will frequently reveal discrepancies or mistakcb which aic not due 
to chance soil variation alone, Jind which may he lectifiecl so that the true vanability 
of the area in question and its adaptability for field testing can lie ascci tained. 

SUMM \RY 

A study of the proliable error of a single plot for sugar cane field experiments 
was made from the yields of 12,271 plots harvcbtcd in 4S1 field tests conducted 
by the Station s agricultural department throughout the Islands during the last ten 
years. 

The jirobahle error for a single plot was found to he 6 6 per cent, with no 
significant difference between the error from irrigated and non -irrigated areas. 

The data warrant no general assumption that the probable error is influenced 
by the age of the field since last planting. I'his issue is evidently purely a localized 
one. 

Insufficient data make it impossililc to determine the relation lietween size of 
plot and size of error. There is some indication that plots somewhat larger than 
those ordinarily used may carry a lower probable error. 

Due to the environmental variability that exists, an increase in the number of 
replications has not resulted in a proixirtionatc lowering of the probable error. An 
increase in the size of the total experinienlal area has generally tended to increase 
this eiTor. 

The number of variates in a test, per have little if any effect u]>on the T^Es. 

The S17C of the probable error seems to he ([uite definitely affected by the cane 
tonnages grown. With high cane yields, we find a considerably greater number 
of tests carrying low prolxible errors and few with high errors; on poorer yielding 
areas, the proportion of tests with high errors is considerably greater. 

A relationship is noted l)etwcen the PI?s and the available plant food supply. 
Plots receiving nitrogen at less than 100 pounds per acre are quite apt to carry 
larger prolMible errors than plots of more amply fed cane. 

The effect of elevation upon the PEs was so complicated with other factors 
that no conclusions from the ^ta are justified, but there is some indication that the 
PEs increases with altitude, probably due to decreasing cane yields. 

The study quite definitely located specific fields that arc esixicially adaptable for 
accurate field test work, as well as it pointed out areas which are unsuitable and 
upon which the installation of a field experiment would he a queslioiiahle procedure. 
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Some Beisic Statistical Data for the Interpretation of 
Field Experiments at Ewa Plantation Company 


By J D Bokd 

Interest in the use of statistical methods as an aid in the interpretation of field 
experiments has been recently stimulated through the visit of Dr H H Love. 
Emphasis has been placed particularly on the probable error of a single plot as a 
prime factor in the expected limits of accuracy of field tests. In order to deter- 
mine the normal probable error of a single plot under local conditions, as well 
a^^ the normal cur\'es of error concerned, a portion of the accumulated experimental 
data of the Ewa Plantation Company over eight crops lias been reviewed. These 
data are derived only from experiments dealing with problems in fertilization and 
include in the neighborhood of 5000 harvested plots. No attempt has been made 
in this study to differentiate between the character of the experiment locations as 
evidenced by plot variation, so that all conditions are represented. We may thus 
consider the summaries as representative of average conditions. 

The experiments concerned have been conducted according to a standard prac- 
tice which need not be discussed here. In the matter of contiguous plot com- 
pansons, it is our practice in a layout involving only two treatments which are 
alternated, to compare a treatment plot with the adjacent checks individually. 
Thus, in a layout as represented below : 


Level Bitch 




2X 

HA 

4X 

5A 

OX 


Level Bit ell 


plot 3A would be compared both with 2X and 4X, and plot SA with 4X and 6X. 
Comparisons involving plots 3A and 5A will then total 4. Where check and treat- 
ment are not alternated, only one comparison is, of course, available. No com- 
parisons are attempted between plots located in different level ditch areas. 

The data have been considered both from the standpoint of the variation about 
the treatment mean in per cent of the means, and from the standpoint of the 
variation about mean differences, in original units, from contiguous plot compari- 
sons. The data in both instances have been grouped in classes as indicated in 
Tables I and II under the heading “Actual Data — Per Cent Frequency.” Inas- 
much as no omissions were originally attempted in building up these frequency 
data, it w'as foimd advisable to subqtienlly omit from the table those cases, which, 
from the first completed tabulation or, later, from the partially built frequency 
variation, extended beyond the initial class showing zero frequency. Tliis was, of 
course, essential in developing such continuous data as would permit the fitting of 
the normal curve of error. The effect of these omissions on the final arrangement 
was very small indeed, the number being usually less than 1 per cent of the total 
number of individuals. The cases omitted represented such extremes as would 
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without dimhi 1)C omitted in any case in the interpretation of the rchults of any one 
exi)eriinent. 

After these omibsions had been effected, the data were i e-wiwked into the final 
form shown in Tables T and 11. It was found, h(jwever, that the normal curves 
of error developed from the calculated standard deviations of the actual da'a of 
Tallies I and II gave very poor fits, due, prcsumalJy, to the preponderance of large 
variations at the tails of the frequency curves. We proceeded then lo determine 
the modulus of a normal curve of error for every i)oint of Taldes T and T1 includ- 
ing 1 per cent or more of the total nuinher of individuals. Since for every point 
tlierc are two curves of error which will satisfy the reciuirements, the modulus of 
that curve of error giving the standard deviation nearer the standard deviation of 
the original data, was taken. No corrections were made in the original data for 
the slight errors involved in grouping or for taking the mean at precisely the mid- 
]3oint. 

The type formula for the normal curve of error is : 

— (X — Monn)^ 


0 V "■ 

where T is the la-oportloiuil frequeiiey of the variation X; and C is the euive 
chanu'torifltie or modulus. 

The arithmetical average of the moduli delcnnincd for each point representing 1 
]Der cent or more of the total individuals, then gave us the most prohahle modulus 
or the most probable normal curve of error under our conditions. 

In two instances in ibis study, the ])()int considered was found lo lie slightly 
outside the range represented by the normal curve of error at the siwcific value of 
X. These jKrinls, in so far as the determination of the modulus was concerned 
were omitted from consideration. 

Finally, the normal curves of error tor cane, quality ratio, .sugar, Brix and 
purity for botli the variation about the mean in per cent of the mean ; and for the 
variation about mean differences in original units from the comixirisons of con- 
tiguous plots, were plotted in comparison with the actual frequency data and arc 
shown in Figs. 1 to 10. From these data we have the following proliable errors 
of a single plot : 

PROBABLK ERBOB OP A SiNQLK PLOT 

Variation In Por Cent Variation About WTonn Diff. 

Actual Pitted Actual Pitted 


Data Curve Data Curve 

±5.68 ±4.80 ±4.64 ±4.00 

Q-li 3.26 2.02 0.27 0.23 

Sugar 5.30 4.62 0,60 0.62 

Brix 2.00 1.80 0.34 0.20 

Biirity 0.07 0.83 0.70 0.66 


It is at once evident that the probable errors of a single plot calculated from 
the fitted curves are consistently lower than those obtained from the actual fre- 
quency distribution. Inspection of the calculations and curves indicates that this 
is largely due to the greater frequencies of the larger deviations found in the actual 
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data. The squaring of these deviations in the process of calculating the prol>a])le 
error causes them to be of appreciable influence when associated with the higher 
frequency values. Either, then, the normal law of error does not strictly apply 
to our conditions, or the relatively large frequencies of the variations at the tails 
of the curve are due to environmental influences which may be considered as 
beyond the effect of chance. Knowing the effect of straight ditches, outside plots 
and differences in soil fertility on plot yields, it seems logical to conclude that ihe 
discrepancy is due largely to unusual environmental influences. If we accept this 
assumption, then the elaboration of a system of plot omissions is in order. 

The suggestion that all plots be omitted, which, from the normal curve of 
error, can be expected to occur only once in a thousand trials, or that this limit 
l)e three times the value of the standard deviation, seems too inclusive. Applying 
these suggestions to the normal curve of error for the cane variations about mean 
differences, from contiguous plot comparisons (Fig. 6). we find that the limits 
become ±: 19.9 and ± 18.2 tons of cane respectively. Practically, this virtually 
includes the entire range of the normal curve of error and when applied to a lest 
dealing with a small number of plots, is of rather doubtful A^lue. 

From the normal curve of error, the range within which n — 1 plots can be 
expected to occur or the area under the curve represented by of the total, 

is quite definite. However, the nth plot may be expected to occur at any point 
between the limits of the area — to, theoretically, infinity or under practical 

conditions let us say, from Fig. 6, ±. 20 tons of cane. Obviously, our point 
of omission must He somewhere within this lower range and that point is suggested 
which, in view of the discrepancies noted above between the actual frequency da' a 
and the fitted airves, we may term the probable error of the nth plot. In other 
words, we may expect from the fitted normal curve of error, that one plot will 
lie Mow this specified point once in every two experiments of n plots each. This 

point is represented by the area under tlie normal curve of error. Apply- 

ing this, for example, to experiments dealing with ten contiguous plot comparisons, 
we find, from the values of the probability integral and Fig, 6, that the point of 
omission is zb 11.9 tons of cane. 

During the compilation of the data summarized in Tables I and II, it was noted 
tliat the extreme limits of variation were progressively extended, in so far as con- 
tinuous data were concerned, as the number of plots considered became greater and 
greater. This is of course to be expected but is some indication that conditions 
represented by normal curves of error which refer to and are derived from very 
large numbers of plots or plot comparisons, cannot be indiscriminately applied to 
single tests involving a small number of individuals. 

In Table III, the suggested points of omission for the ten normal curves of 
error presented in this report, have been calculated for tests involving 2 to 30 
individuals. In the application of this table, omissions are to be made progressive- 
ly and one at a time, omitting the greatest variant at each step until all cases are to 
be found within the limits of Table HI. After each omission, the limits of omis- 
sion change in accordance with the smaller number of individuals remaining. 
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We have applietl the omissiouh of I'ahle 11 1 to our cxperinieiilal data at liand 
dealing with contiguous plot c«Hiii)arison.s in catic only and this is suinniarized in 
Table IV. The number of jdots |)er test (n) after omissions has been carried 
only up to the point where at least ten tests are available. It is (if note that die 
average number of oniissicms per test for each group fluctuates alanit one and 
averages over the whole almost exactly one. This is not at all excessive and is 
prolmbly at least approximated in actual work where the omissions arc marie as a 
matter of individual judgment. 

The “mean standard deviation" of Table IV is the arithmetical average of the 
standard deviations of the individual tests, while the "standard deviation of dis- 
tribution" is that derived by building up individual plot variations so as to fomi the 
frequency curve for the conditions given. The “standard deviation of the standard 
deviation" was obtained by the usual procedure dealing with positive values of ihe 
standard deviation only. These data are quite erratic and of doubtful value for 
purposes of generalization. 

An empirical formula fittcrl to the values of the mean standard deviation gives : 

Mean 8 = 8N _ (,(,,5 

wberi* aN is ilic Htiindard rtovintlou of the noiuuil curve of error coiiceriUMl. 
n ia the number of i)lotB per test iif ^er oiuIhsiouh. 

Wlieii the number of plots per lest l)cc()mes infinite, the averat^e standard de- 
viation must of course 1)C cc[ual to that of the normal curve of error. 

From this empirical formula, the mean standard deviation to 1)C exi)ccled from 
contiguous plot comi)arisons has k*en calculated ('Fahle V) for nunihers of com- 
parisons per test, after omissions, ranging from 2 to 3t). Apjdying SludcMit’s me- 
thod wiUi odds of 30 : 1 to these data, gives the limits of significance according to 
the nuinl)cr of comparisons per lest for tlie average experiment ('’fable VI ). The 
data of Table Vf can Ik* considered only as a j'uidc to tlic laying out of ex])tTi- 
meiits. It is particularly interesting to note that after the number of comi)arisoiis 
per test exceeds about fourteen, appreciably greater accuracy can be obtained only 
at the expense of many more plots scarcely commensurate with the increased ac- 
curacy to be obtained. 

In the interi>retation of exiDerimental data, it is proposed to use Student’s me- 
thod after the omissions have been made as indicated. Tests of two plot comi^ri- 
sons only, are of doubtful value under any conditions since the standard deviation 
must be directly equal to the variation. In other words, there is no oj)portunity 
for the variation to approximate the dtvSlribulion of the normal curve of error. 
In the data at hand on cane coin2mrisonh, of the twenty-four lesl.s of two com- 
parisons eadi, nine are found l)el(tw a standard deviation of one and four be- 
low 0.5, 

It must be remem1)ered that Table Vf refers to average conditions. I?x])eri- 
ment locations can be expected to occur both of smaller and of greater variation, the 
smaller variation locations affording appreciably higher accuracy than indicated in 
Table VI. It is then obviously possible through the continued harvests of experi- 
ments to locate areas suitable to a relatively high degree of accuracy. Such areas 



will then he devoted to ])roblems in which a small probable error is essential ; others 
to such problems as may be determined by f»rcater limits o{ error ; and still others 
which arc not suitable for experimental purposes at all. The dcterminaticjn of the 
location-variation may be obtained by the use of blank tests, though from a prac- 
tical plantation stand]X)int, it would ai)pear most suitable to carry a definite lest 
on the area in question. The variation can then be determined either from the 
consideration of the checks only or from the variation of tlie clifTercnces of con- 
tif^uous plot comi)arisons al)out the mean clifTerences. Such a selection of areas 
has been followed in Ihe past and apparently has shown good results, though not 
attempted in a systematic way. 

The results of all experiments are reported individually on the following form; 

EWA PLANTATIOK 00. 

XIJSfl) OF JH3XPKHIMKNT WXPKRIMKNT NO 

Field (Vop IMiml or JRatoon 

(^rop (Vop IlarvcHtod 

C^aiu* Ago Aron 

HUM^MARV OF TIARVWSTINO KKHOLTO 

YIKU) PKB A(^RK: 


ArUhnioiioal Avorago 


TrctitmiMit 1 

('lino. 

Q.R. 

ISugiir. 

Brix. 

Purily , 



MMM 







mnim 

mmn 


Gniii or Lohs l*or 

imuin 

jniiiiim 

imiiiiii 



IVr (Vni <Liin or Ijohh for 

wwm 

MMMN 

iWWM 

NMNN 



VhOT TO PLOT COMPARIHON 



Tot III 

For 

Hnmo 

For 

OflflH 

■ninf. 

'Mi'llioil 

( Vi 110 







(^iinlilv Rill if} 







Hucrur 







Brix 







Puritv 















Dolnilfl of TroafmonlH: 
interprointion: 


Under the heading “Yield Per Acre**, the arithmetical treatment-averages are 
entered after omitting according to the data of Table ITf under “Per Cent of 
Means.’* Percentages are then ex])ressed on the basi.s of the check treatment or, 
in case of doubt, on that treatment most closely approximating the plantation prac- 
tice of the current crop. 

Under “Plot to Plot Comparison,'* entries under the column “.same** are deter- 
mined by the probable error of the mean difference as deleniiined from the fitted 

P.F..B 

normal curves of error of Figs. 6 to 10, inclusive, by the formula r.’E.m . 

VT 

Plot comparisons greater or less tlian the probable error of the mean are entered in 
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tlic other two cohinins accordinn to whether the dilTercnces indiciilc the treatment 
or the clieck as the more productive. 


Sum MARS 

1. Normal cuiwes of error have been fitted to the data obtained from about 
5000 harvested experimental plots of watercourse size Variation about the means 
m per cent of the mean and variation of contiguous jdot comiiarison dilTercnccs 
about the mean difference, have been considered under cane, quality nitio, sugar, 
Hrix and purity 

2. A table of omissions lias been calculated based on the normal curves of 

error and the area “ ' under the ctiives, where n is the inimlier of plots 

3. Tins table of omissions has heen ajiplicd to the data at hand and indicates 
an average omission of one plot per test 'Phis is not excessive. 

4. From the mean standard deviations of tests involving two to fifteen in- 
dividuals, an empirical formula has been deveUqied in relation to the normal curve 
of error, giving the mean standard deviation to he expected from tests of n jilots, 

5. From the calculated mean standard deviations and Student’s method, using 
odds of 30 : 1, mean limits of significance have been calculated. 

6. A form and procedure for the summary of cxiieriments has been outlined. 



UTormal Curves of Error From Harvested Experiment Plots — Variation Abont Means in Per Cent of Means 

Class Actual Data — ^Per Cent Frequency Calculated fiom Cuiies— Per Cesit Fiequencj 

Value Cane Q.E. Bugai Biix Punty Cane Q.B. Rugai Biia. Puiitj 
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TAHLK II 


K'ormal Curves of Error for Cane 
Variation in Tons Cane Per Acre About Mean Differences From 
Oontlgaous Plot Comparisons 
Per Cent Frequency 
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TABLK JI ((^)iitiiiu(Ml) 

Kormal Oiirves of Error. Variation In Original Units About Mean Differences 
From Gontlgaons Plot Comparisons 
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jrormal Ctorves of Error. Varxatwii In Original TJmta About Mean Differences 
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TAHLK IV 


Ctontiguons Plot OompariBons — Gone Only. Application of Table of 
OmiBfllons and Data on Standard DovlatlouR 
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Mean Standard Deviation From Formula 
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0.704 

0.308 

0.878 

17 

5.50 

().3 M 

0.708 

0.400 

0.883 

IH 

5.50 

0.310 

0.71 1 

0.402 

0.888 

1!> 

5.02 

0.317 

0.714 

0.104 

0.801 

20 

5.0 1 

0.318 

0.717 

0,400 

0. S 1)5 

21 

5.00 

0.310 

0.720 

0.107 

0,808 

22 

5.08 

0.320 

0.722 

0.408 

0,001 

23 

5.00 

(».321 

0.72 1 

0.100 

0.00 1 

2-1 

5.71 

0.322 

0.720 

0.411 

0.00(5 

25 

5.72 

0.323 

0.728 

0.412 

0.008 

2« 

5.73 

0.324 

0.730 

0.413 

0.010 

27 

5.75 

0.324 

0.731 

0.413 

0.012 

28 

5.70 

0.325 

0.732 

0.414 

() i )14 

20 

5.77 

0.325 

0.734 

0,415 

0.010 

30 

5,78 

0.320 

0,735 

0.416 

0.017 
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tahijK vr 

Umits of SignlAcauce by Studout’s Mctliod (Odds 30 ; 1) 
XTBing Mean Standard Bovlation 


No, of 
OoiniiariKoiiH 


TVr Tost 

C^iiio 

Ci . H . 

Huqnr 

Jhiv 

I*nrHy 

2 

0«l A 

1,27 

2.85 

1.61 

3.56 

3 

0.0 

0.51 

1.15 

0 . 6.5 

1.4 1 

4 

6.7 

0.38 

0.85 

(MS 

1.06 

5 

5,0 

0.32 

0.71 

O.M) 

0.80 

a 

5.0 

0.28 

0.63 

0.36 

0.70 

7 

4.5 

0.25 

0.57 

0,32 

0.72 

8 

4.2 

0.23 

0.53 

0.30 

0.06 

0 
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0.22 

0.40 

0 . 2 S 

0.62 

10 

3.7 

0.21 

0.47 

0.26 

0.58 

11 

3,5 

0.20 

0.44 

0.25 

0.56 

12 

3,3 

0.10 

0.42 

0.21 

0,53 

13 

3.2 

0.18 

0.41 

0.23 

0.51 

14 

3.1 

0.17 

0.30 

0.22 

0.10 

15 

3.0 

0.17 

0.38 

0.21 

0 .- I 7 

in 
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0.16 

0 . 3(1 

0.21 

0.45 

17 
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0.16 
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0.20 

0.1 1 
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0 J 5 
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0.42 
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0.10 

22 

2.4 

0,14 

0.31 
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0.30 

23 

2.4 
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0.17 

0.3 S 

24 
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0.13 

0.20 
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25 
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0.16 
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26 

o o 

Uilrf 

0.13 

0.28 

0.16 

0.35 

27 
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0.12 

0.28 

0.16 

0.34 

28 

2.1 

0.12 

0.27 

0,16 

0.34 

20 

2.1 

0.13 

0.27 

0.15 

0.34 

80 

2.1 

0.12 

0.27 

0.15 

0,33 
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TABLK VIl 

Iilmlts (Ineliuive) for Plot to Plot Oomparlson 
STuinnarjea TTiider “Same” 


iNuiiil>oi 

Vmu' 

Q.Jl. 

flugiir 

Br\x 

Puriiy 

2 

±2.80 

±0,10 

±0.37 

±0.21 

±0.46 

a 

2.80 

0.18 

0.80 

0.17 

0.37 

4 

2.04 

0.12 

0.20 

0.15 

0.32 

5 

1,88 

0,10 

0.28 

0.18 

0.29 

({ 

1,07 

0,00 

0.21 

0.12 

0.26 

7 

1.54 

0,00 

0.20 

O.n 

0.25 

K 

1.44 

0,08 

O.IH 

0.10 

0.28 

D 

1.80 

0.08 

0,17 

0.10 

0.22 

10 

1.20 

0.07 

0.10 

0.09 

0,21 

n 

1.28 

0.07 

0.16 

0,09 

0.20 

V2 

1.18 

0.07 

0.15 

0.08 

0,19 

18 

1.13 

0.00 

0.14 

0,08 

0.18 

14 

1.00 

0.00 

0.14 

0.08 

0.17 

15 

1.00 

0.00 

0.18 

0.08 

0.17 

10 

1.02 

0.00 

0.18 

0.07 

0.16 

17 

0.00 

O.UO 

0.18 

0.07 

0.16 

IS 

iUH) 

0.05 

0.12 

0.07 

0.15 

10 

0.04 

0.05 

0.12 

0,07 

0.15 

20 

0.01 

0.05 

0.12 

0.07 

0.15 

21 

0.80 

0.05 

o.n 

(».06 

0,14 

22 

0.87 

0.05 

0.11 

0.06 

0,14 

28 

0.85 

0.05 

0.11 

0,06 

0.14 

2^ 

0,83 

0.05 

o.n 

0.06 

0.13 

25 

0.82 

0.05 

0,10 

0.06 

0.18 

26 

0.80 

0.0 i > 

0.10 

0.06 

0.18 

27 

0.70 

0.04 

0.10 

0.06 

0.12 

2 S 

0.77 

0,04 

0.10 

0.06 

0.12 

29 

0.70 

0.04 

0.10 

0.05 

0.12 

80 

0.75 

0.04 

0.09 

0,05 

0.12 


P.13. B 

Tnolusivc Limilti = P.B. in = 

Vn 
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Sugar Prices 


96 ’ Centrifugals for the Period 
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